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INVESTIGATIONS ON SHAFT 
FILLETS. 


By Paut GrRopziNskI. 


24, I94I. 


A ster down from a larger to a smaller diameter 
jg necessary in most machine and engine shafts, 
and even when good fillets are provided, a high 
concentration of stress is produced at the change of 
gection. 
such highly-stressed members as the crankshafts of 
gero engines. There has been some tendency in the 

t to reduce the size of fillets in order to facilitate 
grinding, but as many investigations have shown 
thata small fillet may result in considerable reduction 
jn torsional strength and resistance to bending, the 

cedure is not to be recommended. A more 
promising line of development is likely to result from 
the various investigations which have been carried 
out to determine the efficacy of forms of fillet 
differing from the segment of a circle produced by 
a simple radius. 

The increase in stress and the weakening effect 
of fillets and grooves may be defined by three cha- 
racteristic factors. The stress-concentration factor 


Fig.1. 
2 or 


\ 













































































Diameter 


D. 


T, 


mmaxr 
Y 


ENGINEERING 


se) 9° ~—4s"—O 


k is defined as the ratio of the highest stress, Smax, 
at the weakest point to the mean stress S,: that is 
Smax 

S 


k 

The mean stress S, is given by the load divided 
by the cross section, or, in the case of bending or 
torsion stresses, by the moment divided by the 
section modulus. In Continental literature, this 
factor is designated by «,. The second factor k’ 
is based on the endurance limit of the part, and is 
the ratio of the endurance limit of the shaft formed 
with a fillet to the endurance limit of the plain shaft. 
In Continental literature it is designated by £,. As 
the factor k is determined only by the shape of the 
shaft, and not by the material of which it is made, 
it may be ascertained by photo-elastic investiga- 


tions. The factor k’ must be found by actual | 


comparative endurance tests. In Fig. 1 on this page, 
the vertically-hatched area indicates the equally 
distributed stress or normal stress §S,, 
assumed for stress calculations. The curve in full 
lines with the peaks S,, . k indicates the course of the 
theoretical stresses according to the theory of elas- 
ticity, k being the stress-concentration factor, while 


the dotted line with the peaks S,,.k’ represent the | 
actual fatigue stresses, which are usually lower than | d 


the sensitiveness of a material to notches or grooves, | 


the theoretical stresses. A third factor 7, defined as 


is expressed by the ratio of the apparent maximum 


The matter is of particular importance in | 


usually | 


stress S,, (k’ — 1) to the effective maximum stress 
S, (k — 1); that is 


k’—1 

a =? 
The stress distribution around a radial fillet for 

a shaft under torsional stress is indicated in Fig. 2. 
The highest stress is shown, by photo-elastic in- 
vestigations, to be at the point where the fillet joins 
the part of the shaft of smaller diameter, this being 
due-to the abrupt change from the constant radius of 
curvature r, to the infinite radius at the cylindrical 
part of the shaft. The influence of the radius of the 
fillet on the values of k and k’ for a shaft subjected 
to bending stress is shown in Fig. 3. The definition 


» 
of the ratio 5, forming the abscisse of Fig. 3, will 


be clear from Fig. 4. The relation between k’ and 5 


is given for two different materials in Fig. 3. The 
upper full-line curve &, refers to a high-tensile 
chromium-nickel-tungsten steel with an ultimate 
tensile strength of about 120 kg. per square milli- 
metre ; curve k, refers to a medium-hard carbon 
steel with a strength of from 40 kg. to 60 kg. per 








|with, but in recent years a considerable amount 
| of work has been carried out in investigating fillets 
| of other shapes. 
| Streamline Fillets.—On the analogy of the stream- 
line curve of a free-flowing ideal fluid, R. V. Baud,* 
in 1934, proposed that fillets of streamline form 
|should be used. The matter has been investigated 
|by A. Thum and W. Bautzt by photo-elastic 
methods, and they have shown that a fillet of this 
| type could be made which, under tension, would 
show a uniform stress throughout its entire length. 
It was found, however, that under bending or 
| torsion the material in the transition zone was not 
fully utilised. As in these cases the local stresses 
| are proportional to the third power of the diameter, 
the length and diameter of the fillets could be reduced 
| effectively. The values necessary for the con- 
struction of fillets of this type are given in Table I, 
on page 322, and the shape of the fillets for tension 
is shown in Fig. 9, and for bending and torsion in 
Fig. 8. In the case of shafts which are subjected to 
bending and torsion, this form of fillet is only 
applicable to diameter ratios larger than 0-679, i.e., 
1 
1-475 
can be used only in cases where 


Further, the fillet is very long, so that it 


ample space is 


(per Cent.) 





k'*-1 
k-1 























k and k' 


square millimetre. It may be assumed that the curves 
for intermediate classes of steel fall between those 


d , 
shown. In these two cases ,, = 0-5. A conversion 
diagram by which k’ may be calculated for diam- 


d — — 

eter ratios otherthan 7, = 5 is given in Fig. 5. 
e—1 ,, 

In the expression —7—7; *, is the stress factor for 


0 
d 


0-5 
D 


ov. 


The relation between 5 and k is shown by the 


dotted curves in Fig. 3, the upper curve referring to 
d 
D 0-333 and the lower to that 
when = 0-667. 
k for shafts subjected to torsional stress and for 


the case when 
d 
D 


- 
The relation between 7 and 


d. ‘ 
various values of p given in Fig. 6; and the 


relation between k’ and ‘ for various steels is 


, d 
shown in Fig. 7, on page 322. In this case p=? 715 


throughout. 

Figs. 3, 5, 6 and 7 show that with a radial fillet 
the stress factor increases inversely with the fillet 
radius. 


The radial fillet is the most ‘convenient form 


in practice and in many cases cannot be dispensed 


It also increases inversely with the ratio 
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available, which are by no means common in 
practice. 

| The investigations which were carried out by Thum 
|and Bautz showed that the endurance factor k’ 
| tended to approach unity. Their results are given 
in Table II, on page 322. They show that results 
nearly equal to those given by a long fillet may be 
obtained by cold-working the highly stressed parts 
with a roller tool. This method has been investi- 
gated by a number of workers, but has not yet 
been introduced into practice to any important 
extent. 

Elliptical Fillets.—In order to reduce the length 
of the fillet, Deutler and Harvers recently suggested 
the use of a special form of elliptical fillet. This 
is based on theoretical considerations advanced by 
A. Féppl, who has stated that the shear stress 
}on a fillet increases inversely as the radius of the 
| various curves. From this it follows that when 
|a fillet radius is employed equal in length to the 
|small diameter of the shaft, stress concentration 
|is practically avoided. In the application of this 
| principle, an ellipse is taken with semi-axes a 
jand 6, and with the large radius of curvature 
| equal to the diameter, d, of the smaller part of the 





* Beitrage zur Kenntnis der Spannungsverteilung in 
prismatischen und keilfoermigen Konstruktionselemen- 

ten mit Querschnittsuebergaengen. Bericht 29, Schweiz. 
| Verb. f.d. Mat. Pruef. d. Techn.; and Bericht 83a, Eidgen. 
| Mat. pruef. Aust., Ziirich, 1934. 
t Forschung. Ing. Wesen, vol. 6, page 269 (1935). 

¢ Ges. Vortrdge der Hauptvers. der Lilienthal Gesell. 
| (1937). 
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shaft. The radius of curvature is given by r= >. 
and when r d, we obtain a V bd. The length 
5 is nearly equal to the difference in the shaft 
diameters, i.e., 

b < bmax 


so that the length of the fillet can easily be found 
graphically or by calculation. The geometrical 
construction is illustrated in Fig. 10, on this page 


4 (D — da) 


d 
A circle is struck from 0 with radius equal to 5; 


and a circle from 1 with radius equal to 6. A 
further circle is then struck from point 1 with 
radius 1,3, which equals V/bd=a. This cuts 
the shaft d at 4 and the vertical from 4 
extended to M, so that 4M—r-=d, fixes the 
centre of the large radius of the ellipse. The centre 
and length of the small radius r' are found by 
connecting points M and 1. 

Another form of elliptical fillet has been proposed 
by Deutler and Harvers. This, which is illustrated 
in Fig. 11, is based on the formula 


The authors claim that this fillet is more effective 
than any other form. If, however, a becomes 
very small, the form has no advantage over a 
simple radius. The results of fatigue tests 


with these elliptical fillets are not absolutely con- 
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- | a oa ee 
5 4 3 2 1 1 0-91 0-83 OFT O71 0-66 0-62 0-59 0-56 
(7664.1.) < % 4) > xen 
vincing. In comparative tests on shafts made from | formula into the form 
steel of a maximum tensile strength of 70 kg. per a 1 
d ; — = 
square millimetre, with D 0-5 and a nominal b “i o.5° 


torsional stress of 22 kg. per square millimetre, out 
of five shafts with radial fillets four broke in the 
fillet, but out of a similar number with elliptical 
fillets only one broke in the fillet. In other tests 


TABLE I.—Streamiline Fillets for Constant Streas. 
Bending and Torsion 
z dz ds 
Tension 

d d a 

0-0 1-636 1-475 
0-OO: . 1-610 1-420 
0-005 1-504 1:377 
0-01 1-572 1-336 
0-02 1-537 1-287 
0-04 1-483 1-230 
0-06 1-440 1-193 
0-08 1-408 1-166 
0-10 1-374 1-145 
0-15 1-310 1-107 
0-2 1-260 1-082 
0-3 1-187 1-052 
O-4 1-134 1-035 
0-5 1-006 1-026 
0-6 1-070 1-021 
0-7 1-051 1-018 
0-8 1-037 1-015 
0-9 1-027 1-012 
1-0 1-019 1-010 
1-3 1-007 1-005 
1-6 1-004 1-003 
a 1-000 1-000 


d = smallest diameter of shaft (see Fig. 4) 
xz = distance in axial direction from the maximum diameter 
to the smallest 
dz = diameter of shaft in the distance z from the maximum 
diameter 


an elliptical fillet with 5 1-5 proved stronger than 


one with the longer fillet with ; 2. 


This investigation did not take into account the 
fact that the value of 6 is usually restricted by the 
difference in shaft diameters. 
this fact, it is convenient to transform the original 


When considering | 


which is easily handled. In order to avoid the 
necessity for calculating each particular case, a dia 


TaBLe II Endurance Factor for Shafts with Stream 
line Fillets. 
Bending Torsion 
Endurance Endurance 
Limit Limit i 
Kg. per Kg. per 
aq. mm “. mm 
Plain shaft without 24-5 l 16-2 l 
reduction 
Shaft with ; 0-835 0 1-04 11-0 14 
’ 
0-04 
( 
Shaft with reduction 23-5 1-04 14-3 1-14 
(cold worked) 
d 35 + 0-04 
0-83! 
D da 
Fillet as in Fig. 9 23-2 1-05 16-2 1-00 
d Z 
2 0-720 
Db 


gram, Fig. 12, has been prepared, which enables 


a ; g - ae 
j to be determined when p 8 known. For instance, 
i] 

d bmax 


for D 0-71, —— would be 0-2. 


j Therefore ; 
0-175 is selected and by following the horizontal! 
dotted line to the left of the diagram until it meets 


the curve 


a I 
b l ». 5 i) 
2-55 
a 
we obtain 5; = 1-8. 
a d 
For purpose of comparison, the curve ; = ; 


This is the form the 
It will be seen that 


has been shown in Fig. 12. 
formula takes when r = d. 
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d 


this curve is of quite a different form from the 


. d b 
other. For the same values of D and 9 38 taken | 


( 


1 
above, we now obtain j 2-4, so that 
, 


a 


; 2-4 0-175 0-418, 
as compared with 
“= 1-8 x 0-175 = 0-322, 


d 

in the former case. 
The largest radius given by the curve 
a 
is 0-58 d, 
b , a k® 
- =a 

whereas for the other curve, by definition, r = 1 d. 
Using this latter, the length of the fillet is increased 
by about 30 per cent., and the radius of curvature 
by 70 per cent., which indicates the advantage of 
using the relation F =A /s It will be seen from 
Fig. 12, that the larger values of ; are only given 

} 


)? 
for values of j less than 0-215. For diameter ratios | 


1 b 
greater than 0-68, the smaller values of 5 must be 


D 
used. It follows from this that the best fillet forms 
are obtained if the full-line portions only of the left- 


hand curves are used. In Fig. 13, the ratio of radii, 
r ° ° 
j for the Deutler-Harvers curve is compared with 


that for the curve r=d. The equation of the 
curve is 
r 6b l 


d af, b\2 
1 —2°5 
(1-255) 


b 
The diagram shows that for values of q greater than 
0-21, the elliptical fillet gives unnecessarily large 
radii. 

Parabolic Fillets.—A fillet of parabolic form has 
frequently been used for cast parts, owing to the 
fact that it can easily be set out by a simple 
illustrated in 


| connecting lines enveloping a parabola. The radius 
of curvature of the ends of the fillet so formed, at 
| point 1 for instance, will be greater than r = a. | 
A similar construction is shown in Fig. 15, but with 
|a= 26. Other proportions can clearly be employed. 

With this form of fillet a simple relation between | 


|be found. If the lines a and 6 are divided into equal | 
| numbers of parts, n, the length of those parts will | 


| be 


n 
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of curvature at point 0, the extreme end of the fillet, 
the following relation exists 
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P b By combining 
- and -, as indicated in Fig. 15. For the radius | eon teat eevee 
n nr a(n—l1,; 
| we obtain 
a? n 
ton © oe — | br 27-1) ~ 
2 af | or 





~@ 
correct to write tan « = — 


and, since the angle is very small it is approximately 
° 
This relation refers | 


nr 


TABLE II1.—TorsIONAL ENDURANCE TESTS ON CRANKSHAFTS WITH HOLLOW PINs. 


a=VzvVbr 
where z is a function depending only on the number 
| of divisions, which in Figs. 14 and 15 is seven. 


MATERIAL WITH ULTIMATE 


TENSILE STRENGTH OF 75 KG. PER SQUARE MILLIMETRE (HEAT TREATED). 
































! 
Shaft Diameter. Brinell Hardness. Tensile Strength.* |Torsional Endurancet Limit. r r 
— Mm. Kg. per sq. mm. Kg. per sq. mm. Kg. per sq. mm. mm. d 

ic 46 440 150 | 8-3 to 8-5 | 1-5 0-033 
| A 48 240 82 | 9-8 to 10-0 } 2-0 0-042 
| D 47 2380 95 11-0 | 3-0 0-064 
| * Calculated ; conversion factor 0-34. + Referred to the cross-section of the pin. 

| TABLE IV.—BENDING ENDURANCE TESTS ON CRANKSHAFTS WITH SOLID AND HOLLOW PINS. MATERIAL 

4S IN TABLE III. 
piihiiiniiiiiiniemanscemamainaiines a 
| 
Bending Endurance Limit ; 
Brinell Tensile Kg. per sq. mm. Ps 
Shaft. ——— - Pin. Hardness. | Strength.* oa a 
—. | Kg. persq. mm.| Kg. per sq. mm. ; 
| zt | yt 
— j | 
co . | 46 Hollow | 415 | 141 7°5 | 4 1-5 0-033 
| a | 48 Hollow 242 82 9-0 | 3°22 2-0 0-042 
B 44-5 Solid 248 s4 9-0 3-12 2-0 0-045 
D. 47 Solid 280 95 } 11-8 | 11-8 3 0-064 

! | j 


| * Calculated ; conversion factor 0-34. + Referred to the cross-section of the web. ¢ 





Referred to the cross-section of the pin. 


graphical construction. This is oA . , 

Fig. 14. The horizontal axis represents the surface | to the fact that the radius is tangent to the horizontal; The following relations may be obtained :— 

of the part of the shaft of smaller diameter d, and | axis and to the last connecting line forming the | ... a 5 10 20 30 infinite 

the vertical axis the transition line to the larger| angle «. For this line the following relation holds : |< --- s+ 0625 0°555 0527) 0518 0-5 

diameter D. The length a is made equal to 6 = b b b Vs 0-79 0-745 0-725 «0-718 =0-707 

$(D —d). The lines a and 6 are divided into equal tan a = = ——— ‘ In practical cases Vz will be between 0-79 and 
w=s 6e=9 0-725. If it is assumed that the weakening effect 


numbers of parts, but are numbered in reverse 
orders. Similar numbers are then connected, the 





n(e—2) 


of the fillet will be least if r=—d, we obtain 
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‘ “ pons l ; 
a=<V2z<V/bd. The factor Vb dis the sameas that |The maximum height of a fillet, or the maximum 
obtained for an elliptical fillet when r = d, but the | radius for a round fillet, is given by the relation 


length of the fillet is reduced in the ratio \/z so 


that it is only about 75 per cent. of that of an 
elliptical fillet. 

Taper Fillets.—For heavy shafts or rolls Morgen- 
brod* has suggested that a tapered fillet, with 


two radii at the root, as shown in Fig. 16, page 323, 


-D-d 


This can be written in the form 
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Ir for no other reason, it is contended in America 


might be used, the included angle being about 15deg.| The practical values must always lie below the that foremanship training is amply justified if jt 
to 20 deg. The proposal, however, is based purely | curves given in Fig. 18, on page 323, curve 1 being leads to an improvement in industrial relations, 


on theoretical considerations, and no actual tests 
have been carried out. It can be considered as an 
approximation to the fillets shown in Figs. 8 and 9, 
the centre portion being formed approximately by 
a come. 

Crank-Pin Fillets.—The fillets on crank 
present a special problem, space being very re- 
stricted, so that a radial form must be used. Most 
fatigue failures of crankshafts start at a point on 
the radial fillet. Interesting investigations on 
steel and cast-iron crankshafts have been carried 
out by Dr. K. Bandow.t A crankshaft made from 
steel having an ultimate tensile strength of 60 kg. per 
square millimetre had pins 14 mm. in diameter with a 
fillet radius r= 2 mm., so that 5 0-143. The 
fatigue shear strength of the material from which 
the shaft was made was 20 kg. per square milli- 
metre, but this figure was reduced to 14 kg. 
per square millimetre, when the material was in 
the form of a crankshaft, and was further reduced 
to 10 kg. per square millimetre when a transverse 
hole 1-5 mm. in diameter was drilled through the 
pin. These results show that the fillet caused a 
reduction of 30 per cent. in strength of the shaft, 
which was further reduced by 20 per cent. when a 
central hole was drilled through it. 

The results of tests on three carbon-steel crank- 
shafts with hollow pins and made from carbon steel 
with 0-45 per cent. C. (equivalent to SAE 1045), 
are given in Table III, page 323. The torsional 
endurance limit is referred to the cross section of 
the pin and is the stress which enabled 10’ stress 
cycles to be withstood without cracking or break- 
ing.. The main results of Table III are shown 
graphically in Fig. 17, curve S referring to bending 
and curve T referring to torsional stresses. The 
results of bending endurance tests on the crank- 
shafts of Table III and of another shaft B, are given 
in Table IV and are also plotted in Fig. 17. The 
form of the curve indicates that it will tend to 
become parallel to the horizontal axis as the fillets 
are made longer. In considering the results given in 
Tables III and IV, it should be noted that shaft C 
is of considerably harder material than the others. 

For shafts subjected to bending stress, it is 
necessary that fillets of larger radius should be used 
than are required for comparable stress concentra- 
tion in shafts subjected to torsion. As bending 
stresses are important in crankshafts it is conse- 
quently necessary to employ large radii, no 
alternative form being permissible. The results of 


pins 


r 
the tests show that a true relation exists between a 


crankshaft. The 
1-5 and 


and the endurance limit of a 

smaller radii of Tables III and IV r 

r 

j 0-033 cannot be regarded as adequate. Accord- 

C 

ing to Thum,{ for practical purposes no lower value 
r 


than 3 0-06 should be employed. Further tests 


have shown that the endurance limit may be con- 


siderably raised by cold-working the fillet. The 
fatigue range of a crankshaft of 8 + 4-5 kg. per 
square millimetre can be increased to 21-5 +17-5 


kg. per square millimetre by cold working with a 
pressure of 2,900 kg. to 4,000 kg. These results, 
together with those recorded in Table II, suggest 
that greater increase in strength can be obtained 
by cold-working than in any other way. 

Maximum Height of Fillets—In the design of 
fillets, it has not always been noted that the height 
is restricted by the difference in diameter D — d. 

* Gestaltfestigkeit von Walzen und Achsen mit 
Hohlikehlen,” Stahl und Eisen, 1939, No. 17. 
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suitable for the range 0 to 0-12 and curve 2 
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for the range 7 0 
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12 to 0-5. A corresponding 


limit curve has been included in Fig. 6, the chain 
dotted curves in that figure being of theoretical 
| interest only. 
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The Science and Practice of Welding. By A. ¢ DAVIES, 
B.Se., A.M.LE.E. Cambridge: The University 


Price 10s. 6d. net 


Press. 


Wak conditions have considerably accelerated and 
extended the use of welding and flame cutting in 
many branches of engineering manufacture, with a 
corresponding increase in the number of small 
manuals intended for the instruction of designers 
and operators. The present work, however, differs 
from the others that we have noticed from time to 
time in that it endeavours, with some success, to 
combine with the fundamental instruction, required 
by those who are approaching the subject for the 
first time, a fairly detailed summary of the principles 
of physics, chemistry, metallurgy and electricity on 
which the technique of welding is based. In the 
ordinary course, any candidate for the City and 
Guilds examinations in welding (the standard at 
which the book aims, and the source of the tests 
and questions which form a section of it) would 
study these other text-books. To 
many war-time students, it will be a convenience 
to have the essence of them presented in a single 
volume ; although the underlying assumption of 
the reader's initial ignorance leads to some curious 
conjunctions of the extremely elementary, such as 
the section on thermometers, and the relatively 
advanced (for a welding operator), such as parts of 
the chapter on metallurgy. 
Oxy-acetylene welding and electric-are welding 
naturally receive the greatest prominence, but a 
chapter on “ Additional Processes of Welding ” is 
introduced at a later stage, in which brief surveys 
are given of the automatic metallic arc and atomic- 
hydrogen arc processes, resistance welding, Thermit 
welding, etc. Gas cutting is adequately covered, 
and considerable space is devoted to the inspection 
and testing of welds. The chapter on “ Engineering 
Drawing ”’ is supplemented by two typical drawings, 
stowed in a pocket inside the back cover, as examples 
of design and of welding indications. The author 
is an instructor of experience, as is abundantly 
evident, and he makes skilful use of line and half- 
tone illustrations, which are liberally interspersed 
throughout the text; but he lapses occasionally | 
into questionable English. For example: ‘“ The 
austenitic stainless steels have one great drawback. | 
When heated to between 500 and 900 deg. C., carbon 
is absorbed by the chromium . . . When exposed 
to corrosive attack, corrosion occurs, and this is 
termed weld decay...” He errs in exalted 
company, as Fowler amply demonstrates; yet it 
comes as a surprise to find the Syndics nodding in 
this respect, even-though the value of the book is 
not diminished thereby. 


subjects in 











| demonstrate his suitability for promotion. 


THE LNSTITUTION OF CHEMICAL ENGINEERS.— Arrange- | 
ments for the 1942 examination for associate membership | 
of the Institution of Chemical Engineers have now been 
completed. Application forms, which must be returned | 
by December 15, and copies of a memorandum, entitled | 


The Roosevelt Recovery Acts have embodied an 
immense legislation regulating the relations between 
employers and employees. As the result of the 
impetus given to organised labour through trade 


unions, numerous labour disturbances occurred 
which called for the most careful handling. Tp» 
supervise men when any trivial dispute might 


involve a major disturbance requires the exercise 
of considerable discretion if productive capacity 
is to be maintained. 

Apart from this recent legislation, which has 
affected only the past five years, there was a growing 
feeling throughout American industry that the rapid 
expansion of plants, together with the increasing 
complexity of operation, was leading to an ever. 
widening divergence between the men and the 
management. Concentration on the technical 
aspects of production to the exclusion of personnel 
problems had its reaction. It was found that men 
treated as machines did not produce so much as 
when they were treated as individuals. Behind 
this viewpoint was the growing conviction that men 
work best when they are happy and contented. 
Investigations proved that labour disputes fr 
quently arose over petty misunderstandings, stupidi 
ties, and supervisory incompetence. The personnel 
department, although invaluable in many respects, 
was not able to regulate industrial relations which 
were largely dependent on the day-to-day contacts 
of the workshop. 

It might be concluded that the results to lx 
expected from foremanship training will depend on 
the character of the organisation, on its prevailing 
problems, and on its weaknesses. The suitability 
of the supervisor and the appropriateness of the 
arrangements for training and the 
carrying it out will also have a substantial bearing 
on the results to be achieved. Generally, the 
advantages of foremanship training can be con 
sidered under three main headings as they affect 
(a) management-foreman relations ; (b) the foremen 
themselves ; and (c) their subordinates. 

The advantages accruing to management may be 
summarised as follows: (1) foremen acquire a 
better appreciation of their duties and collective 
responsibilities through a better understanding 
between management and foremen; (2) there is 
stimulation of supervisory efficiency, making the 
foremen of greater value to their company, while 
they in return receive higher rewards ; (3) a means 
is provided of discussing and disseminating new 
policies and procedures, and uniformity of under- 
standing and application of the company’s rules and 
regulations are ensured; (4) opportunity is created 
to stimulate team spirit, thus effecting co-ordination 
of effort ; (5) the management is enabled to assess 
the promotional possibilities of foremen; and 
(6) emphasis is placed on the development of the 
company, the necessity for improvements, and the 
need for training and encouragement throughout 
the organisation. 

The foreman has many advantages to gain from 


properly regulated training. He obtains a clear 
idea of what is expected of him, learns new 
methods, benefits from new ideas, and is pro- 


vided with an opportunity to express his ideas and 
to compel constructive criticism of them. Provision 
is made for close collaboration with his colleagues, 
ensuring mutual understanding and respect; his 
social and industrial status is improved ; and he is 
given opportunities to express himself and to 
Sub- 
ordinates are also likely to benefit from the policy 
of established foremanship training in the following 
respects : (1) there is a feeling that the policy of the 
management is being carried out precisely and 


+ Dauerhaltbarkeit von Stahl- und Gusskurbelwellen, “‘ The Training of a Chemical Engineer,” may be obtained | UNiformly as intended; (2) the policy of proper 
Deutache Kraftfahrforschung, No. 14, 1938. 
t Ibid. 


by intending candidates from the honorary registrar of | 
the Institution, 56, Victoria-street, London, S.W.1. | 





training is more likely to be extended to operatives ; 
(3) the representation of employees is made more 
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effective; (4) instructions are more likely to be 
dear, definite, and precise; and (5) there are 
greater possibilities of improved working conditions. 

Development is the true aim of business. Pro- 
gress is achieved by ensuring profits in perpetuity, 
and this is accomplished by that form of organisation 
which pre-plans and definitely determines its 
activities. It stands in sharp contrast to the more 
common policy, where results are left to chance 
and where concern with the future is casuai. 
Modern organisation is characterised by pre-planning 
and by definite action. Fundamentally, training is 
part of the policy of pre-planning and it should be 
conducted according to a definite programme. 

It is to be observed that, once the importance of 
foremanship has been recognised and the necessity 
for training accepted, it follows that procedure must 
be organised ; this is regarded in America as the 
primary responsibility of industry. The whole 
problem of training is to be viewed from the angle 
of industrial requirements rather than educational 
policy, the stimulus being provided from inside the 
factory rather than actuated from without. Fore- 
manship training, apart from effecting immediate 
benefits, is to be regarded as an investment to ensure 
ompetent staff available for development, and this 
implies that the future must be foreseen, foremanship 
requirements forecast, and progress planned ahead. 
It is of paramount importance that due regard be 
paid to wastages and failures in trainees. 

The first essential of organisation for training is 
the selection of suitable supervisors, and these 
usually form two groups: existing foremen with 
experience, and trainees available for future appoint- 
Now, as training will take up valuable 
time and incur some expense, it is important that 
the effort be spent on those with future prospects 
or with promotional possibilities. With this in 
mind, there is a tendency to establish the principle 
that new positions are to be filled as fay as possible 
by existing employees. This encourages continuity 
of service, and inspires serious attempts to acquire 
supervisory competence. There are, incidentally, 
many advantages in promoting from within: an 
existing employee knows both the technical and 
trade peculiarities of the job ; he knows the work- 
people individually, and their abilities ; he knows, 
and is known to, his supervisors and his colleagues ; 
and sincerity of purpose is attributed to the manage- 
ment. ‘Training planned over a long period would 
obviously be ineffective if continuous changes 
occurred among supervisory staff or trainees. The 
policy of providing adequate reserves, and for 
upgrading staff, is finding a acceptance, 
especially among developing firms, and its justifica- 
tion has been amply proved by war conditions. 


ments. 


wide 


The training of prospective supervisors should be 
regarded as separate from, and supplementary to, 
the immediate and intensive training of long-estab- 
lished foremen. It is also advisable to establish a 
complete industrial-training plan, graduated and 
co-ordinated, preferably under a directly responsible 
executive, to deal with all ranks from the operative 
to the higher grades. There is no doubt that, for 
training to be satisfactory and successful, the sound 
selection of foremen is a necessary preliminary 
step. Reference may be appropriately made, in 
this connection, to the work recently carried out 
by Dr. R. B. Hersey, Assistant Professor of Industry 
at the University of Pennsylvania, and described in 
Problems in 
(A.M.A. Personnel Series No. 47, February, 1941). 
The investigation was carried out with the super- 
visory staff of the Pennsylvania Railroad Company. 
The essential abilities and characteristics of the 
foremen were set out, and suitable separate tests 
devised. These were designed to ascertain general 
information on industry, trade and job; self- 
expression in words and sentences ; power of con- 
centration necessary for carrying out instructions 
under pressure and otherwise ; elementary know- 
ledge of arithmetic ; ability to reproduce sketches ; 
speed of perception and ability to take quick 
decisions ; reflection, and ability to solve problems 
after sleeping on them. 

In addition to these leading characteristics which 
were subject to tests, special attention was given to 


Selecting and Training Supervisors | 
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|training; to experience, including service and 
seniority ; and to operating skill, previous experi- 
ence, and the individuals’ own efforts at self- 
improvement. Last, but not least, it was found 
necessary to determine the progressiveness of the 
prospective trainee, to ascertain his ability to profit 
from past experience, his ambition, his personal 
|habits (good and bad), and his suitability for 
promotion. Of particular importance was the need 
to provide some measure of results, and these were 
revealed by a classification of trainees into three 
groups, namely, “ promoted,” ‘ unchanged,” and 
“demoted.” Itis claimed that by commencing with 
careful selection, the expense of training is devoted 
only to those most suitable, that there is a constant 
incentive to self-training while the programme lasts, 
and that the supervisors themselves are stimulated 
to greater personal effort and interest. 

The selection of supervisors by vocational] tests is 
new and has a relatively limited application, but 
the alternative use of the rating scale as a guide 
and measure of suitability is much more common. 
The principle of the rating scale is to set out and to 
assess the relative importance of each ability and 
qualification needed by foremen to meet certain 
specific requirements. The advantage lies in the 
attempt to set down on paper, rather than to roughly 
estimate mentally, the comparative qualities of fore- 
manship. A typical chart for the rating of foremen 
is issued by the National Foremen’s Institute. It 
sets out ten characteristics essential to foreman- 
ship: quality control, teaching ability, mechanical 
ability, planning ability, cost consciousness, co- 
operativeness, forcefulness, progressiveness, judg- 
ment, and initiative. Each characteristic is 
weighted in marks; and the relative degrees of 
proficiency—excellent, good, average, fair, and un- 
satisfactory—carry corresponding numbers of marks. 
The total obtained is the foreman’s ‘* comparative 
rating.” It is pointed out that rating must be 
impartial, and that a higher degree of reliability 
results from a number of independent estimates. 

While, admittedly, the scientific selection of fore- 
men concerns rather new recruits than old employees 
it is important, nevertheless, to appreciate that 
training should commence with a staff selected 
because of their potentialities and their ability to 
respond favourably to new methods. 
of *‘ making do” with old employees whose long 


= 


service is their chief claim to position, although 


sound in sentiment, is unsound for purposes of 
training. As a preliminary to selection, it is clearly 
necessary that an exact job specification be drawn 
up for the foreman’s position, showing his duties, 
responsibilities, and the extent of his authority. 
Sound selection can only be based on specific 
requirements. 

Training has been recognised as one of the most 
important features of modern American industry. 
The casual acquisition of knowledge and skill is no 
|longer tolerated in the highly complex business. 
Training must be directed and controlled, and must 


be placed in the hands of one definite authority, not | 


left indiscriminately to haphazard attention and 
slap-dash methods. Moreover, the great import- 
ance of training demands the personal attention 
and skill of a high executive. It is a common 
practice for training to be co-ordinated and con- 
trolled by the personnel manager, possibly under 
the direction and guidance of a director. In this 
way, training is recognised as a fundamental func- 
tion of organisation and is established as the definite 
policy of the company. There is a growing ten- 


dency, in consequence, for the training of foremen | 


to be part of a comprehensive scheme, and a link in 
the chain for training all employees from operative 
rank to managerial positions. 

In this connection, the experience may be re- 
|eounted of the Household Finance Corporation, 
which, while chiefly concerned with selling, provides 
conclusions equally valuable in manufacturing. It 
has been recently described by E. F. Wonderlic in 
| A.M.A. Personne] Series No. 47, 1941. The Cor- 
| poration is a large one with a widespread organisa- 
| tion, and in consequence there is a need for uniform- 
|ity of procedure to facilitate transfers of staff, to 
| make supervisors effective, to enable common train- 
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sion placed a premium on up-grading. The training 
plan set out to produce branch supervisors and 
assistants, to prepare the way for organisational 
growth, and to prepare men for advancement to 
positions of greater responsibility. Training, which 
covered the whole staff, did not commence until all 
the necessary information had been collected, so that 
agreement was established between customer re- 
quirements and company selling policies. A wide 
variety of methods was employed according to their 
suitability ; sometimes a short intensive course for 
branch managers was arranged at headquarters, and 
sometimes information and manuals were used as a 
correspondence course for those unable to leave 
their branches. Everyone in the organisation was 
taught to regard training as one of his duties. That 
the company was prepared to spend so much time 
and money on it led employees to think that there 
must be something in training, especially when 
promotion was linked up with it. By establishing 
a complete and comprehensive scheme, uniformity 
of selling practices was assured; new employees 
became useful as quickly as possible ; staff promoted 
to new positions were already prepared for them ; 
the availability of trained understudies made rapid 
expansion possible ; and the effects of absenteeism 
and staff wastage were relieved. 

A number of useful observations and conclusions 
are to be drawn from this experience. First, a 
definite organisation for training was established ; 
second, a comprehensive plan ranging from opera- 
tives to management was found to be essential ; 
third, training was graded and continuous ; fourth, 
adequate preparation by installing standard practice 
was a preliminary requirement; fifth, the best 
method of operation could be determined from the 
widest and best experience in the company and 
used for the common benefit ; sixth, the appoint- 
ment of a specialist in training was amply justified ; 
and seventh, uniformity of selling practice and 
employee outlook became important acquisitions. 
The organisation for training must count the cost 
|and compare it with the results achieved, and 
accordingly, records of progress must be kept. 
| The extensive training of foremen has produced 
|a wide variety of methods ranging from compre- 
| hensive schemes organised within a works to meet 
the requirements of its own employees, to inde- 
pendent courses conducted by educational authori- 
ties. It is generally accepted, both by industrialists 
and educationalists, that individual firms should 
as far as possible establish a foremen’s conference 
to deal in particular with their own internal pro- 
blems and practices. The real function of the 
educational institutions is to supplement the fore- 
men’s conference by courses of lectures, by supplying 
conference leaders, by advising on procedure, and 
by issuing material in pamphlet form. 

In the selection of the most suitable form of 
training, the size and character of the individual 
business must play a large part. Where many 
foremen are employed in one plant, training is 
usually the concern of a specialist who arranges for 
'the constitution of different groups, as would be 
necessary with the Western Electric Company's 
| Hawthorne Works. The Caterpillar Tractor Com- 
pany, a much smaller concern, but working in three 
| shifts, finds it necessary to have 26 conference 
groups. In these larger firms, prospective and 
| trainee supervisors receive formal instruction at the 
company’s own training school. Firms of medium 
size, which cannot justify the expense of engaging 
a full-time specialist, or possess on their staff nobody 
with the necessary experience and qualifications, 
often resort to the services offered by a training 
institution. Competent conference leaders with a 
wide experience take charge of training under the 
guidance of the firm’s executives, who supply the 
necessary information regarding local problems. 
Such conference leaders are available in various 
State Vocational Education Departments, such as, 
for instance, the New Jersey State Department of 
Public Instruction. Many industrial associations, 
such as the National Metal Trades Association and 
the National Founders’ Association, offer conference 
services to their own and allied trades. Similar 
services are available from the National Foremen’s 


physique as revealed by medical examination; to| ing to be applicable throughout, and to accelerate | Institute, and the Elliott Service Company. 


personality traits essential in supervision; to 








'the introduction of new staff. Again, rapid expan- 


(To be continued.) 
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RADIAL SHAPING MACHINE. 


ALTHOUGH it is possible to machine a radial slot 
by means of a milling tool, this involves the provision 
of a rotating work-carrying table in place of the usual 
reciprocating table of the milling machine. A simpler 
machine is one in which the work is fixed and the tool 
is oscillated through an are. A recent example of a 
radial shaping machine of this type, made by Messrs. 
Ormerod Shapers, Limited, Hebden Bridge, is shown in 
the accompanying illustration. It has proved of great 
service for machining internal radii on large work, 
such as are required in connection with components of 
certain armaments. The fixed part of the machine 
consists of a baseplate, the top surface of which forms 
the work table, and a casing containing the driving gear, 
the casing being mounted on a buttress-like extension 
at one corner of the baseplate. The table surface is 
provided with tee-slots of unusual depth for securing 
the work, these slots being also used for bolting down 
a column carrying the oscillating tool head, the column 
being adjusted in place to suit the type of work 
being machined. The oscillating head is mounted 
on a vertical shaft on the column and carries a tool box 
which can be adjusted both vertically and horizontally. 
It is coupled to the driving crankpin by a connecting 
rod capable of being lengthened or shortened by means 
of a sleeve screwed with right-hand and left-hand 
threads. 

The crankpin is carried in a slot in the crank disc 
so that the stroke can be varied as required. The disc 
is formed on the upper surface of a worm wheel which 
meshes with a worm on the driving shaft. This carries 
either a stepped pulley, as shown in the illustration, or a 
single belt pulley. Alternatively, the machine may be 
arranged for direct motor drive so that it is self-con- 
tained. The wormwheel and worm run in an oil bath, 
as may be inferred from the oil-level window seen on 
the housing. The machine illustrated is arranged to 
deal with radii of from 7 in. to 8 in. The length of 
traverse of the tool is determined by the position of 
the crankpin while the position of the are described 
by it depends upon the sleeve adjustment of the con- 
necting rod. The tool box has a vertical traverse of 
2 in. and a horizontal adjustment of 5in. Both adjust- 
ments are made by hand, the motion being given by 
screws fitted with thrust collars. It will be clear that 
the radial size of the oscillating head determines, 
within limits, the radius that can be cut. Other radii 
than those mentioned above therefore require appro- 
priate heads, and if the type of work demands con- 
siderable variations a series of these, which will enable 
radii up to a maximum of 18 in. to be machined, can 
be provided. 








THE MAGNETIC COMPASS.* 
By Frep C. Stewart, J.P. 


Ix the past—and even now—among landsmen, a 
magnetic compass has been regarded as an extremely 
simple instrument, comprising a magnetic needle 
poised on a pivot which will always point truly to the 
magnetic poles and thus constitute a simple and true 
direction finder. The seafarer knows better, and 
realises that a good and trustworthy compass must be 
very carefully designed, arranged correctly on board 
ship, and treated in such a manner that the many and 
varied disturbing forces—both magnetic and mech- 
anical—that are met with on the ship may be annulled 
or compensated. 

Though the directional properties of a magnet or 
of a magnetised needle appear to have been known to 
the Chinese since 2000 B.c., and rediscovered in Europe 
five or six centuries ago, the perfection of the theory of 
the instrument had its beginning in the early part of 
the Nineteenth Century. Navigators like Captain Cook, 
in the Eighteenth Century, began to observe, even in 
wooden ships, disturbance of the compass due to the 
curious distribution of the earth’s magnetism, and 
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near the compass, placed so as to counteract the effect 
of the other vertical iron parts about the ship. This 
compensating vertical iron bar is used in modern 
compass binnacles, and is known as the Flinders Bar. 

The introduction of iron ships greatly increased the 
disturbances of the compass and led to an intensified 
investigation into the causes and cure. Another sea- 
going captain, who sailed in whalers, William Scoresby 
the younger, carried the matter farther and studied the 
magnetic effects of various classes of iron used in 
the construction of ships in those days. The subject 
was taken up by Sir John Ross, Sir Edward Parry and 
Captain Sabine during a number of exploring voyages. 
Later, the then Astronomer Royal—Sir G. B. Airy— 
and Archibald Smith put the theory of compass devia- 
tion on a sound basis, and Smith, studying the matter 
mathematically, produced the theory upon which the 
compensation of compasses is carried out now. In 
1839, Airy made a complete series of experiments on 
the deviations caused in two iron ships, during which 
he turned the ships in every direction and made 
observations, thus beginning the practice known as 
“‘ swinging the ship” for the determination and.com- 
pensation of compass deviations which is still performed. 
Airy not only thus ascertained the deviations on 
different courses but, having confirmed the earlier 
observation of Captain Johnson that the iron ship 
possessed permanent magnetism, he devised means of 
compensating for this permanent magnetism by the 
use of magnets placed in the appropriate position and 
direction near the compass. These efforts having laid 
the basis, other investigators and observers added to 





Halley made maps of the magnetic variation over some 
parts of the earth. However, no real progress in the | 
theory and understanding of compass disturbances was 
made until the work of Captain Flinders at the beginning 
of the Nineteenth Century. Flinders’ work rescued 
the compass from the disrepute into which it had 
fallen due to the lack of understanding of the causes | 
of the disturbances that had been observed. By | 
careful observation and deduction, Captain Flinders 
traced some of the important causes of variation in the 
directional qualities of the magnetic compass to 
magnetism induced by the earth’s field in vertical 
stanchions and other iron objects built into the wooden 
ships in which he sailed. He went farther and com- 
pensated these effects by fitting a vertical iron bar 





* Extract from presidential address on “‘ The Com- 
pass and Other Aids to Navigation,” delivered before the 
Institution of Engineers and Shipbuilders in Scotland, 
on October 14, 1941. 





Abridged. 


The mathematical theory elaborated by Archibald 
Smith was completed in about 1861, and at the same 
time Captain J. F. Evans of the British Admiralty 
gathered a vast amount of information by careful 
observations upon the iron ships of the Royal Navy. 
A coherent theory and a practice was thus built up, 
leading to a proper understanding of the magnetic 
compass under all practical conditions. 

However, with the mariner’s compasses which were 
then in use, both in the Navy and on merchant ships, 
the most careful compensation left residual errors which 
it was not possible to eradicate. Though these errors 
were not always large, they had a definite nuisance 
value. The work of Lord Kelvin led to the redesign 
of the mariner’s compass itself, and he laid down the 
rules for the design of compasses which could be 
compensated correctly on iron and steel ships. His 
conclusions are embodied in the standard ship’s com- 
passes of to-day, and navigators owe a heavy debt | 
to this great man, who was indeed the pioneer of 





the structure until it was possible to compensate for | 
all the causes of deviation due to the iron of the ship. | 


modern navigation. He not only perfected the com- 
pass, but devised many other aids to navigation at sea 
that are used regularly to this day. Kelvin being 
himself a practical navigator, his inventions had imme- 
diate actual value and his apparatus always possessed 
those marks of genius: simplicity and fundamental 
soundness. His work on the mariner’s compass appears 
to have begun in 1874, when an article on this subject 
was projected for the journal Good Words. Lord 
Kelvin was profoundly dissatisfied with existing con- 
structions, which he found full of faults, both mechanical 
and magnetic. He proceeded, therefore, to consider 
the matter—a consideration which occupied about 
five years—after which he finished the projected 
article, having meanwhile designed what was then a 
revolutionary instrument, the good qualities of which 
are indicated by the fact that his compass is still 
| adopted, particularly for the standard compass on 
board ship, practically in the form in which he de 
signed it. 

The principles of the design were simply stated 
thus :—{1) for steadiness, a very long vibrational 
period of swing is necessary and friction at the pivot 
must be kept low by using a very light compass card ; 
(2) the compass needles must be short, in order to allow 

|the compensation against ship’s magnetism to be 
accurate on all courses for the place where the adjust- 
ment is made ; (3) the magnetic moment of the needles 
must be small, to allow of the quadrantal compensation 
to remain accurate in whatever part of the world the 
|ship may go. The work led to an extremely simple 
| compass, involving the well-known dry compass card. 
In the liquid compass, the magnetic needles and the 
card are immersed in a liquid, such as a mixture of 
| alcohol and water, so that its motions are steadied by 
|the damping effect of the liquid. With scientifically 
| designed forms, liquid compasses can be compensated 
| against ship’s magnetism practically as completely as 
the standard dry card, but many types are fitted with 
such powerful magnets that it is not possible to com- 
pensate or “ adjust them so completely. On account 
| of their dead-beat qualities, liquid-immersed compasses 
| become necessary in such vessels as submarines, torpedo 
boats and light high-speed craft. The damping of 
oscillations by the liquid is accompanied by a some- 
what troublesome defect, namely, that, on a quick 
turn of the vessel, the liquid gets into a swirl and 
carries the compass card off its correct reading, the 
error subsiding only after some interval of time when 
the vessel has finished the turn and entered a straight 
course. This defect is minimised by using a compass 
card of considerably less diameter than that of the 
containing bowl, so that the compass card edge is 
farther from the periphery of the bowl. The normal 
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TEST PANEL FOR VOLTMETERS AND AMMETERS. 
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liquid compass system is much heavier than the dry- 
card, and is therefore provided with a float which 
relieves the pivot of much of the weight of the moving 
system. If a liquid compass is damaged, it cannot be 
repaired on board the ship, and in this respect the 
dry-card compass shows an advantage, since a new 
pivot or jewel bearing or a spare compass card and 
system can be fitted in a few minutes. 

In practically all marine compasses, a single needle 
is never used; the moving system is composed of two 
or more magnetic needles attached to a compass card. 


It would at first appear that the needles of a two- | 


needle compass system could be fixed at any distance 
apart so long as they are parallel; but this is not so. 
There is one disposition of these two needles that will 
eliminate from the compass certain periodic errors 
ound the circle, and, at the same time, eliminate’ the 
mechanical wobbling effect that might otherwise appear 
in service. A mathematical investigation into the 


matter shows that with the two-needle compass system | 
the needles must be spaced in such a way that the| 


distance between their ends subtends an angle of 
60 deg. at the centre of the compass card. An equi- 
valent disposition is required in a compass card com- 
prising four magnetic needles. In liquid-damped 
compasses there are involved in the design further 
considerations—such as the character of the liquid, 
and the best viscosity—all of which have involved 
research in order to achieve the optimum results. Add 
to all this the practica] considerations involved in 
construction, and it will be appreciated what the 
navigator owes to the conscientious designer and 
constructor of his compasses. 








WorLD PRODUCTION OF TIN.—It is stated in the 
Statistical Bulletin of the Tin Research Institute that the 
world production of tin in July, 1941, was 18,100 tons, 
against 19,900 tons in July, 1940. During the first seven 


months of the present year the production of tin totalled | 


147,900 tons, compared with 125,100 tons in the corre- 
sponding period of 1940. 


CoaL SuprLy ORD«R.—The Board of Trade has issued | maximum output ranges of 15 A at 5 volts; 50 A at | 78,945 h.p. ; 
the Coal Supply Order, 1941 (S.R. & O. 1941), No. 1497), | 
which extends its existing powers under the Coal Supply | 


Order, 1940, and the Coal (Treatment and Use) Order, 
1940. The new Order empowers the Secretary for Mines 


to give directions to colliery owners, coal merchants and 
consumers as to the disposal, treatment, and storage of coal. 
































TEST PANEL FOR VOLTMETERS 
AND AMMETERS. 


Tue illustrations on this page give a general view and 
a diagram of connections of a test panel for the cali- 
bration of voltmeters and ammeters, which has recently 
been introduced by Messrs. Salford Electrical Instru- 
ments, Limited, Peel Works, Silk-street, Salford. The 
panel, which is intended for testing alternating-current 
instruments only, is self-contained and carries its own 
main transformer, which is wound for connection to a 
230-volt 50-cycle circuit. The maximum burden 
carried by the panel is 2,000 VA, this figure being 
reached when calibrating instruments indicating up 
to 1,000 amperes. The transformer is of the continu- 
ously-variable type and is fed from a variable tapped 
choke connected to the supply mains. The moving 
element of the transformer is operated by the control 
handwheel to be seen at the right-hand side of the 
desk, which forms the lower part of the panel. The 
instruments to be tested are connected to the second- 
aries of a series of ten transformers, which are numbered 
1 to 10 in Fig. 2, the primaries of these transformers 
being connected to the main transformer through 
switches and circuit breakers. At the top of the panel 
there is a load-factor switch by means of which the 
| secondary voltage of the ten instrument-testing trans- 
formers may be reduced to 75, 50, 25 or 10 per cent. 
of the maximum. 
| As shown in Fig. 2, the ten testing transformers are 
divided into three groups. Group A contains five 
| transformers with maximum output ranges of 50 mA 
lat 600 volts; 150 mA at 200 volts; 5 A at 60 volts; 
1-5 A at 40 volts; and 5A at 10 volts. These trans- 
formers are controlled by switches which can be seen 
|on the vertical panel immediately above the desk in 
| Fig. 1. The whole group is, in turn, controlled by a 
| miniature overload circuit breaker, as shown in Fig. 2. 
| This breaker, in a circular casing, can be seen to the 
right of the switches in Fig. 1. The terminals to which 
instruments to be tested are connected are mounted on 
the sloping desk. Group B, also controlled by a circuit 
| breaker and switches, contains three transformers of 


5 volts; and 150 A at 3 volts. The three switches 
form the upper row on the panel, with the circuit 
breaker again at the right. The terminals for con- 
necting instruments for testing, necessarily of larger 
size than those of Group A, are in a line at the bottom 
of the lower panel. Group C contains two transformers, 
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with capacities of 500 A at 3 volts and 1,000 A at 
|2 volts. These larger transformers each has its own 
| circuit breaker in addition to the breaker controlling 
|the group. These three breakers are those at the left 
of the panel, the group breaker being at the top. The 
terminals for these heavy-current low-voltage circuits 
can be seen on the lower panel in Fig. 1. They 
take the form of heavy copper clamps. It will be 
seen from Fig. 2 that three switches have to be closed 
before any circuit can be brought into use, so that 
possibilities of error, resulting in damage to the equip- 
ment, are remote. The arrangement provides contin- 
uous stepless variation from zero to maximum on every 
range. The whole of the transformers are run at a very 
low flux density, so that the output is free from wave- 
form distortion. 








WATER-POWER INSTALLATIONS IN 
THE UNITED STATES. 


Tue total capacity of water-power installations in 
the United States on January 1, 1941, was 18,868,027 
h.p., this figure excluding plants of less than 100 h.p. 
If outlying territories are included, that is Alaska, 
Hawaii, the Philippine Islands, and Puerto Rico, the 
total is brought up to 19,015,101 h.p. These figures 
are given in a recent report of the Federal Power 
Commission. The increase in the United States, over 
the corresponding total on January 1, 1940, was 
367,773 h.p. This increase was below the annual 
average of 513,000 h.p. for the 15 years from 1926. 
The greatest increase in that period was 1,275,530 h.p. 
in 1928, and the smallest 4,100 h.p. in 1935. In view 
| of the fact that the increase for any particular year is 
| usually determined by the completion of important 
| dams, which may take many years to construct, con- 
| siderable variations are to be expected. The largest 
| net increase in the year 1940 was shown by Tennessee, 
| with 106,125 h.p., this leading position probably being 
| due to the operations of the Tennessee Valley Authority. 
| Tennessee was followed by North Carolina, with 
Oregon, 72,875 h.p.; Pennsylvania, 
42,424 h.p.; and New Mexico, 34,390 h.p. 

California occupies the leading position in installed 
| water-power capacity, with a total of 2,438,261 h.p. 
This figure includes both public and private electric- 
| supply organisations and industrial plants. It repre- 
| sonte 12-9 per cent. of the capacity of the whole 
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country. New York occupies the second position, 
with 1,843,787 h.p., or 9-8 per cent., of the total, and 
is followed by Washington, with 1,214,504 h.p., or 
6-4 per cent. Taking the country as a whole, 88-8 per 
cent. of the capacity is represented by plants of over 
5,000 h.p.; 8-3 per cent. by plants of from 1,000 h.p. 
to 5,000 h.p.; and 2-9 per cent. by plants of from 100 
h.p. to 1,000 h.p. If the situation is looked at from the 
point of view of the number of plants, a very different 
distribution of percentages is found. Of the total 
number, 57-6 per cent. were in the 100 h.p. to 1,000 h.p. 
group; 24 per cent. in the 1,000 h.p. to 5,000 h.p. 
group; and only 17-8 per cent. in the group covering 
plants of 5,000 h.p. and over. The chief installations 
coming into commission during the year was the 


74,000-h.p. plant at Bonneville, and the 34,500 h.p. | 


plant at Elephant Butte. These were constructed by 
the Bureau of Reclamation. Other Federal projects 
were the 20,000-h.p. installation of the Lower Colorado 
River Authority at Austin, and the 108,000-h.p. 
Chickamanga and 80,000-h.p. Hinwassee plants of the 
Tennessee Valley Authority. The chief private instal- 
lations put into operation were those of the Central 
Maine Power Company, of 34,000 h.p.. and of the 
Safer Harbor Water Power Company, of 42.500 h.p 
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REINFORCED-CONCRETE 
STRUCTURES IN AIR ATTACK. 


Evipence obtained from an extensive survey of 
damaged buildings indicates that modern reinforced- 
concrete structures, of good design, stand up remark- 
ably well to the action of high explosives and fire, but 
that certain precautions may be taken in design which 
increase the resistance of the normal structure to air 
attack without increasing its cost appreciably. A new 
War-1ime Building Bulletin on this subject, prepared 
with the assistance of Mr. W. L. Scott, M.Inst.C.E., 
M.L.Struct.E., has recently been issued by the Building 
Research Station of the Department of Scientific and 
Industrial Research.* While knowledge on the 
subject of the design of war-time buildings is, of course. 
still developing, it is pointed out in the Bulletin that 
certain tentative recommendations can be made, the 
first of which is that the structural framework and 
floor of the building should be monolithi This leads 
to good distribution of the energy to be absorbed as 
the result of an explosion, thus minimising the area of 
destruction. Further, in the event of local collapse, 
monolithic construction is best able to adapt itself to 
abnormal conditions of loading. With regard to 
columns it is recommended that external columns 
should be inset from the external wall, in the case of 
single-storey buildings, and should usually be so inset 
in the case of multi-storey buildings. In this way 
lateral pressures are not transmitted to the columns by 
the walls and, moreover, the blast pressure round the 
columns is equalised. The main reinforcing 
should be as thick as practicable, as thicker bars 
are less likely to buckle during the failure of a column, 
and, therefore, lateral displacement is not so liable to 
occur. Again, thick bars would be able to carry a 
considerable load if the concrete cover were stripped 
from a column by an explosion. 

The reinforcement of main beams, it is stated, should 
be arranged with a view to making the beam better 
able to carry its load by cantilevering from the column 
Thus, should a column be destroyed, the collapse of 
the floor or roof directly over it may often be prevented 
by this cantilevering action. It is recommended that, 
as far as practicable, slab panels should be approxim- 
ately square and designed as two-way slabs. Where, 
however, one-way slabs are adopted, the distribution 
steel should be liberally used and a square-mesh 
arrangement appears to be advantageous. Slabs 
should be adequately tied to the beams by stirrups 
anchored to the top and bottom bars of the beam. 
This will ensure that the beam and slab system will 
act efficiently together in resisting upward pressure. 
The type of aggregate used is important in determin- 
ing the resistance of concrete to fire. 
expand seriously when subjected to heat, and disrupt 
the concrete. Flint gravel is stated to be bad in this 





bars 


respect and basalt and dolerites to be appreciably 
better; slag and clean crushed clay brick are very 
good. It is recognised, however, that availability of 


supplies may often be a deciding factor in practice. 








CONTROL OF MERcURY.—Under the Control of Mercury 
(No. 7) Order, 1941 (S.R. & O. 1941, No. 1552, price 1¢d.), 
issued by the Minister of Supply, the price control is 
removed from sales of quicksilver of 7 lb. and under, as 
from October 9. Sales of over 7 Ib. will continue to be 
subject to the terms of the Control of Mercury (Nos. 
5 and 6) Orders, 1941. 


* War-Time Building Bulletin, No. 17. entitled “ Resist - 
ance of Reinfored-Concrete Structures to Air Attack.” 


H.M. Stat'onery Office, price 6d. net.) 
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BRITISH STANDARD 
SPECIFICATIONS. 


Tue following specitication of engineering interest 
has been issued by the British Standards Institution. 
Copies are obtainable from the Publications Depart- 
ment of the Institution, 28, Victoria-street, London, 
S.W.1. The price, per 2s, net, or 2s, 3d. 
including postage. 


‘ opy. Is 


Gears for Clockwork Mechanisms.—A war-emergency | 
specification (No. 978-1941) on gears for clockwork | 


mechanisms has just been issued. The necessity for 
this specification has arisen owing to the heavy demands 
now being made on the tool manufacturers in this 
country, and some time ago the Ministry of Supply 
asked the British Standards Institution to undertake 
the standardisation of the gears used in clockwork 
mechanisms, so that a reduction in the number of the 
hobs required might be effected. One manufacturer 
alone has stated that he was being asked to make tools 


of 800 different types. The term ~~ clockwork 
mechanisms includes gears such as are used in 
clocks, watches, meters and instruments. Investiga- 


tion of the field has revealed that while, to a large 
extent, manufacturers have followed the practice 
obtaining in Switzerland, there is no ‘universally 
recognised standard. Hence it has been necessary to 
establish a standard, the adoption of which may 
necessitate manufacturers having to depart from their 
existing individual practices. Although this change can 
be made quite readily throughout the industry for a 
large proportion of winding mechanisms, it is realised 
that there are certain forms of precision clock and other 
mechanisms where any change could not be contem- 
plated until prolonged tests had been carried out. It 
is stated that these tests have already been put in hand. 
It is emphasised, however, that wherever possible 
the new standard should be adopted forthwith and it 
is hoped that any inconvenience which may be occa- 
sioned by the change-over will be viewed from the 
national aspect in the light of the general benefit which 
will be secured for the tool-making industry. Con- 
siderable difficulty was experienced in deciding on the 
form of tooth to be adopted for these mechanisms. 


Eventually the choice was reduced to two forms, 
namely, the cycloidal form—which is said to give 
lower frictional losses than the involute, enabling 


lighter springs to be employed—and the circular are 


form 
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15 cents.) 

The Lathe Operator's Manual. By B. R. Hivtox. Lon- 
don: Sir Isaac Pitman and Sons, Limited. [Price 
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Aircraft Inspection Methods. By N. C. BARTHOLOMEW. 


London: Sir Isaac Pitman and Sons, Limited. Price 
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Pitman and Sons, Limited. Price 6s. net.) 


Oct. 24, 1941. 


PERSONAL. 


Mr. J. E. Ratsrrick has been elected President of 
the British Association of Used Machine Tool Merchant, 
in succession to Mr. F. Wippowson, who at thy recent 

| annual general meeting in Birmingham reported that 


| the Association had done good work for the war effort 
during the first year of its existence. The Secretary is 
Mr. R. F. Warp and the offices are at 6, Park Royal 


road, North Acton, London, N.W.10. 

Mayor R. A. B. SmirH has been re-elected Presiden; 
and Mr. GEORGE Monro and Mr. J. S. NICHOLE vic 
presidents of the Commercial Motor Users’ 

Mr. J. A. MILNE, M.I.N.A., who joined the firm of 
Messrs. J. Samuel White and Company, Limited, Cowes 
Isle of Wight, as general manager, last 
now been appointed managing director. 


Association 


February, hax 


Six important engineering and foundry companies on 
| the Rand, South Africa, have formed a non-profit making 
j}company, entitled CO-ORDINATED ENGINEERS 
| Limtrep, 306, Mutual Buildings, Harrison-street, 

Johannesburg, in order to promote the efficient co-ordina 
| tion of their surplus plant and equipment for war pro 
duction. Mr. J. C. BETTERIDGE has appointed 
manager to the company. The six companies concerned 
are Messrs. Wright, Boag and Company, Limited; Kast 
Rand Engineering Company, Limited ; Standard Brass 
Iron and Steel Foundries, Limited ; Austral Iron Works 
| Limited; Central Engineering Works, Limited ind 
Rowe, Jewell and Company, Limited. 


(Pry 


been 


Mr. C. R. B. LANe, Director of Navy Victualling 
Admiralty, retired on October 15. The First Lord of 
the Admiralty has selected Mr. 0. S. N. RICKARDS 


succeed him. 


Mr. R. A.R.S.M., A.1.M.M., has beer 
promoted from the position of Inspector of Mines to that 


PATTERSON, 


of Senior Inspector of Mines, Nigeria. 
Mr. A. R A.M.Inst.C.E., 
engineer, has been appointed Assistant Director of Pul 
| Works, Sterra Leone, West Africa 
Mr. J. SHEARMAN has been elected chairman of th: 
Autom@bile Research Committee of the Institution 
Automobile Engineers for the year 1941-42, in place of 
Mr. W. A. TOOKEY, whose appointment to a post at the 
Ministry of Supply necessitated his resignation of t 
chairmanship. Mr. A. G. BENSTEAD has 
Committe 


SMEE, hitherto execut 


been elect« 
vice-chairman of the in succession to Mr. ¢ 
LANCHESTER. 

Mason T. L. Bownine, R.E., A.M.Inst.C.kE., 
Public Works Belize, 
Honduras, has now been made Director of Public 


executive 
British 
Works 


engineer, Department, 
in the Colony 

Mr. T. E. Emmett, A.M.Inst.C.E., 
and irrigation engineer, Kuala Lumpur, Selangor, F.M.S 
has been promoted to the position of senior drainage and 


hitherto drainage 


irrigation engineer, Malaya 








FOUNDATIONS OF East River DRIVE, New YoOrK 
4 commemorative plaque is to be placed on East River 
under construction in New York, where 
English buildings destroyed in air raids i- 
being employed for the The rubble was 
sent to the United States as ballast in British ships 


Drive, 
rubble from 


now 


foundations. 


STEEI UNITED STATES.—The« 
production of steel ingots in the United States during 
the first half of the present year totalled 41 million net 
tons, as compared with 29,405,492 tons in the first six 
months of 1940. Furthermore, the total of 41 million 
tons is within 20 per cent. of the total steel production 
for the whole of 1917, the peak year during the war of 
1914-18 


PRODUCTION IN THE 


INSTITUTE OF MARINE ENGINEERS.—Examinations for 


Universal Directory of Railway Officials and Railway Year | admission to associate membership and graduate member- 


Book, 1941-42. Compiled from official sources under 
the direction of the Editor of The Railway Gazett,. 
London: The Directory Publishing Company, 33, 
Tothill-street, Westminster, 8.W.1. [Price 20s. net.) 
Department of Scientific and Industrial Research. Index | 
to the Literature of Food Investigation. Volume 12. | 


No. 4. March, 1941 Compiled by AGNES E.| 
GLENNIE. London: H.M. Stationery Office. [Price 
4s. 6d. net.) 
The Science and Practice of Welding. By A. C. DAvVtEs. | 


London : Cambridge University Press. [Price 10s. 6d. 
net.] } 
Marine Diesel Oil Engines. A Manual of Marine Oil| 
Engine Practice. Sixth edition. In two volumes. | 
By J. W. M. SouTHEeRN. Revised by J. K. Bowpen. | 


16, Carrick-street, Glasgow, C.2: James Munro and | 
Company, Limited. [Price 60s. the two volumes.) 
The Engineers’ Club of St. Lowis. 1941 Year Book. 
$359, Lindell-boulevard, St. Louis, Missouri, U.S.A. : 

Offices of the Club 





ship of the Institute of Marine Engineers will be held 
from June 1 to 8, 1942. Admission to student member- 
ship is gained by passing, or obtaining exemption from, 
the Common Preliminary Examination of the Engineering 
Joint Examination Board. This examination will be 
held from April 14 to 17 and from October 6 to 9, 1942. 
The examinations are held in London and other centres 
in Great Britain. A scholarship, valued at 1001. per 
annum and tenable for three years, is offered by the 
General Committee of Lloyd's Register of Shipping. The 
scholarship will be awarded on the results of a competitive 
examination to be held by the Institute in May, 1942, 
and is intended to assist marine engineering students to 
take a university course in engineering subjects. Candi- 
dates must be between 18 and 23 and the closing date 
for entries is April 8, 1942. Full particulars of the 
syllabuses and copies of previous examination papers for 
all the above examinations may be obtained on applica- 
tion to the Secretary of the Institute, 73, Amersham-road, 
High Wycombe, Bucks. 
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NOTES FROM SOUTH YORKSHIRE. | 


SHEFFIELD, Wednesday. 


for firms | 


[ron and Steel.—Steel supplies are good 
egaged on Government work, but strict rationing is 
o force for those requiring supplies for the production 
of ordinary commercial products. The raw and semi- | 
fnished steel-making branches are working at high 
pressure, and more open-hearth and electric and gas- | 
jred furnaces are being brought into use. Basic steel is 
ip strong demand, and the market in acid steel and | 
imilar materials is active. Business is also brisk in | 
sheets, sections, angles, bars, wire rods and cold-rolled 
strip; agricultural engineers are taking increased supplies | 
flight castings. Activity at rolling mills, forges, press | 
shops, and foundries shows little change. In the heavy 
yachinery and engineering branches larger outputs are 
reported and extensive business is being done in railway 
rolling stock. Firms producing wheels, axles, springs, 
tyres, and buffers are turning out larger quantities than | 
was the,case a year ago; locomotive parts are also in 
demand: There is a steady flow of steel forgings and | 
astings from this area to associated shipyards. Numerous | 
hollow forgings and boiler drums are on order, chiefly in 
connection with electric power development schemes in 
various parts of the country. Makers of grinding and 
crushing machinery are busy, and have numerous orders 
on both home and overseas account. The recent increase 
no the purchases of cement and concrete mixers has been 
maintained. Electrical plant is an active line, and is 
itilising large quantities of Sheffield-made high-efficiency 
The tool-making branches accounting for | 
extensive outputs of all types of engineers’ small tools, 
machine tools, and fine measuring instruments. 





steels. are 


South Yorkshire Coal Trade.—The general demand for | 
oal on inland account has been maintained ; export | 
business is difficult to negotiate, and is very restricted. 
Inland steel and iron works are buying heavily, and 
rilway companies are taking increased tonnages of 
locomotive coal. Slacks and smalis are in demand by 
electric power stations. The house-coal market is 
steady. 








NOTES FROM THE NORTH. 


GLASGOW, Wednesday. 


Scottish Steel Trade. Activity is still general at the 
Scottish steelworks, the plate mills having been par- 
ticularly busy. The shipyards are consuming a large 


tonnage of material and boiler plates are also in strong 
demand. Light moving freely and the black- 
steel sheet makers have orders booked for a considerable 
tonnage of A fair business is being done in 
structural sections. The bulk of the work now on hand 
s on Government account, but week a limited 
amount of steel is made available for priority orders 
for general purposes. The steel scrap position is good. 
Prices are steady and are as follows :—Boiler plates, 
17l. 128. 6d. per ton; ship plates, 161. 3s. per ton; 
sections, 151. 8s. per ton; medium plates, 4 in. and 
thicker, rolled in sheet mills, 211. per ton; black- 
steel sheets, No. 24 gauge, 22/. and gal- 


steel is 


sheets. 


each 


15s. 


15s. per ton; 


vanised corrugated sheets, No. 24 gauge, 261. 2s. 6d. per 
ton, all for home delivery. 
Valleable-lron Trade.—Conditions in the West of 


Scotland malleable-iron trade have varied little during 
the week and makers are fairly well employed. Speci- 
fications have been coming in steadily, but a heavier 


tonnage could easily be handled. Stocks of wrought- 
ron serap are adequate for the present, but makers 
would be glad of increased deliveries. The position of 


the re-rollers of steel bars is fair. There are a number of 
satisfactory orders on hand which are sufficient to keep 


the plant running steadily, but foward business is rather 


scarce. Good stocks of semies are held by makers. The 
following are the current quotations :—Crown bars, 
151. 128. 6d. per ton; No. 3 bars, 13/. 12s. 6d. per ton; 
No. 4 bars, 131. 17s. 6d. per ton; and re-rolled steel 
bars, 171. 15s. per ton, all for home delivery. 

Scottish Pig-Iron Trade.——The demand for Scottish 


pig-iron continues strong ; supplies of iron ore are ample. 
The demand for foundry qualities shows little improve- 
nent. To-day’s market quotations are as follows: 
Hematite, 61. 18s. 6d. per ton, and basic iron, 61. 0s. 6d. 
per ton, both delivered at the works ; foundry 
iron, No. 1, 61. 5s. 6d. per ton, and No. 3, 61. 3s. per ton, 
both on trucks at makers’ yards. 


steel 








Tue LATE Mr. H. Wuitre.—We note with regret the | 
death of Mr. Herbert White, which occurred on Octo- | 
ber 10. Mr. White was a partner in the firm of Messrs. 


R. White and Sons, Railway Engineering Works, Ditton- 
road, Widnes, Lancashire, and had been connected with 
the company for upwards of 50 years. 
that the 
remaining partner, Mr. J. 


We are informed 
business will be carried on as before by the 
W. White. | 





| tribution is 





THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—There are few new features in the 
iron and steel and allied trades. Considerable contracts 
have been placed for the supply of various commodities 
to the end of the year and buyers are prepared to place 
further substantial orders. An outstanding feature of the 
present position is the high level at which stocks of raw 
materials and semi-finished iron and steel are being 
maintained. The consumption of semies is exception- 
ally heavy and re-rollers are seeking increased deliveries 
from local manufacturers. 


Cleveland Iron Trade.—Cleveland pig is still scarce, but 
parcels of foundry iron being received from other pro- 
ducing centres are quite sufficient for consumers’ require- 
ments. Several sources of supply provide the requisite 
tonnage of qualities specified for priority needs, but the 
bulk of the iron passing into consumption for general 
purposes is from the Midlands. The official quotations 
for Cleveland pig are ruled by No. 3 quality at 128s. 


| delivered within the Tees-side zone. 


Basic Iron.—The production of basic iron is still 
sufficient for the requirements of the makers’ own steel- 
works, but leaves none for the market. The fixed price 
of basic stands at 120s. 6d., but, with no tonnage for sale, 


| the price is nominal. 


Hematite.—Conditions in the hematite branch of 
trade show little change. The demand is still con- 
siderably in excess of the supply and the control of dis- 
still closely watched. Consumers can 
obtain delivery licences only on proof that no other class 
of iron can be used for the work they have in hand. 
The recognised market values of hematite are at the 
equivalent of No. 1 grade of iron at 138s. 6d. delivered 
to North of England buyers. 


Foreign Ore.—Most kinds of foreign ore are plentiful, 
but descriptions required for hematite production are 
in somewhat short supply. 


Blast-Furnace Coke.—The stabilised figure for Durham 
blast-furnace coke, of good average quality is 36s. 9d. 
f.o.r., but transactions are few. 


Manufactured Iron and Steel.—The tonnage of semi- 
finished iron and steel stored is sufficient to maintain 
the full activity of the re-rolling mills, but stocks are 
diminishing and users are seeking larger deliveries from 
local makers. The demand for black and galvanised 
sheets, special alloy steels, shipbuilding requisites and 
most other finished commodities absorbs the supply 
as soon as it becomes available and the only descriptions 
of material not in urgent request are light iron goods 
and structural steel commodities. 

Scrap.—Light iron and steel scrap is in only moderate 
request, consumers having largely covered their require- 
ments, but all heavy grades are still wanted in almost 
unlimited quantities. 








NOTES FROM THE SOUTH-WEST. 


CaRDIFF, Wednesday. 


The Welsh Coal Trade.—Discussions have been pro- 
ceeding ~ in South Wales between colliery owners and 
representatives of the railway companies to avoid trans- 
port delays in deliveries to inland users during the coming 
winter months. The increasing hours of black-out has 
meant the slowing down of deliveries to some extent, 
but so far there has been little to complain of in the 
position. Most collieries already held extremely heavy 
bookings for delivery to home consumers and, provided 
that the facilities were available to lift these, employ- 
ment at the pits would be maintained at a high level. 
The demand from inland users continued on brisk lines, 
but as most producers had previously disposed of practi- 
cally the whole of their potential outputs for some time 
to come little fresh business could be accepted for early 
delivery. Export trade remained almost entirely in 
suspense. What shipments were being made were usually 
of the inferior low-volatile coals to Eire, Spain, Portugal 
and South America. Best large coals were still reserved 
for deliveries under standing contracts and were steady, 


| and there was a good demand for the sized kinds, which, 


however, were almost completely disposed of for some 
time to come. Bituminous smalls formed the strongest 
section of the market, these kinds being very scafce. 
Some of the inferior dry steam smalls were still obtainable 
fairly readily for early delivery and were dull. 


The Iron and Steel Trdde.—A steady demand was 
encountered in most sections of the iron and steel trades 
of South Wales and Monmouthshire last week. Tin- 
plates attracted considerable interest from inland users, 
who absorbed the bulk of present output. In other 
branches works were kept occupied almost to full capacity 
in fulfilling orders already on their books. 
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NOTICES OF MEETINGS. 








Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 


INSTITUTION OF MECHANICAL ENGINEERS.—To-day. 
2.30 p.m., Storey’s-gate, St. James’s Park, Westminster, 
S.W.1. General Meeting. Presidential Address: “ The 
Position of the Locomotive in Mechanical Engineering,” 
by Mr. W. A. Stanier. 

INSTITUTION OF CHEMICAL ENGINEERS.—To-day, 2.30 
p-m., The Institution of Civil Engineers, Great George- 
street, Westminster, 8.W.1. The Fourth Hinchley 
Memorial Lecture: “ Scientific Knowledge and Action,” 
by Sir Richard A. Gregory, Bart. 

INSTITUTION OF ELECTRICAL ENGINEERS.—South Mid- 
land Centre: Saturday, October 25, 1 p.m., The Grand 
Hotel, Birmingham. Lunch Address by the Chairman 
of the Centre, Mr. R. H. Rawll. North Midland Students’ 
Section: Saturday, October 25, 2.30 p.m., The Hotel 
Metropole, King-street, Leeds. Inaugural Address by 
the Chairman of the Section, Mr. A. E. Cunningham, on 
“Choice of Three-Phase Industrial Motors.” North- 
Eastern Centre: Monday, October 27, 6.15 p.m., Neville 
Hall, Westgate-road, Newcastle-upon-Tyne, 1. ‘“‘ Out- 
door Bushings: Their Construction, Testing and Stand- 
ardisation,”” by Mr. W. A. Cook. 

NORTH OF ENGLAND INSTITUTE OF MINING AND 
MECHANICAL ENGINEERS.—Saturday, October 25, 2 p.m., 
Neville Hall, Westgate-road, Newcastle-upon-Tyne. 
General Meeting. Inaugural Address by the President. 
Mr. T. R. Ridpath. 

INSTITUTE OF TRANSPORT.— Metropolitan Graduate and 
Student Society: Saturday, October 25, 2.15 p.m., The 
Institution of Electrical Engineers, Savoy-place, Victoria- 
embankment, W.C.2. Address by the President of the 
Institute, Mr. J. S. Nicholl. 

INSTITUTION OF ENGINEERS-IN-CHARGE.—Saturday 
October 25, 2.30 p.m., St. Bride Institute, Bride-lane, 
Fleet-street, E.C.4. ‘* Current Events Have Cast Their, 
Shadows,”’ by Mr. A. E. Penn. 

ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Saturday, October 25, 2.30 p.m., The E.L.M.A. Light- 
ing Service Bureau, 2, Savoy-hill, Strand, W.C.2. Presi- 
dential Address by Mr. H. W. Swann. 

MANCHESTER ASSOCIATION OF ENGINEERS.—Saturday, 
October 2.30 p.m., The Engineers’ Club, Albert- 
square, Manchester. ‘‘ Economic Planning of a Modern 
Store,”’ by Mr. J. 8S. Beaumont. 

INSTITUTE OF METALS.—Wednesday, October 29, 
4.30 p.m., The Engineers’ Club, Albert-square, Manches- 
ter. Joint Meeting with THE MANCHESTER METAL- 
LURGICAL Society. ‘*‘ Causes of Porosity in Tin-Bronze 
Castings,’’ by Messrs. T. F. Pearson and W. A. Baker. 


25, 


IRON AND STEEL INSTITUTE.—Wednesday, October 29, 
7 p.m., The Rational Hall, Alexandra-street, Ebbw Vale, 
Mon. Joint Meeting with THE EBBW VALE METAL- 
LURGICAL SocreTy. Lecture: “‘ The Annealing of Mild 
Steel Sheets,” by Principal C. A. Edwards. Z 

INSTITUTE OF FUEL.—Thursday, October 30, 2.30 p.m., 
The Connaught Rooms, Great Queen-street, Kingsway, 
W.C.2. “ Liquid Pitch Fuel,” by Mr. E. Brett Davies. 
(To be preceded by an informal luncheon at the Con- 
naught Rooms, at 1.15 p.m.) 

NorTH-East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, October 31, 6 p.m., The Mining 
Institute, Newcastle-upon-Tyne. Andrew Laing Lecture : 
** Merchant Sea Power, 1919 to 1939,"" by Sir Westcott 
Abell. ' 

TECHNOLOGY OLD STUDENTS’ ASSOCIATION.—Saturday, 


November 1, 2.30 p.m., The College of Technology, 
Manchester. “The Water Grid,” by Mr. A. E. L. 
Chorlton. 








ENTRY OF Boys INTO ROYAL Navy AND ROYAL 
MARINES.—The Admiralty informs us that boys who 
intend to sit for the Special-Entry Examination for the 
Royal Navy or Royal Marines may still apply for entry 
into the Navy—including the Fleet Air Arm—and the 
Marines, under the “ Y ” scheme, at any time after their 
17th birthday. It is pointed out that, if accepted, they 
can be sure that, whatever the result of their Special- 
Entry Examination, they will perform their war service 
in the Navy or Marines. Those accepted for the Fleet 
Air Arm as pilots or observers will receive temporary 
commissions at the end of their training, providing they 
pass their courses of instruction successfully. Those 
taken as seamen or marines are eligible for temporary 
commissions after a period of training on the lower 
deck. In all cases the Special Entry candidates who are 
first accepted under the “‘ Y ”’ scheme will not be actually 
called up until after the result of their Special Entry 
Examination*is known. Further particulars may be 
obtained on application to the Flag Officer, ‘“‘ Y ”’ Entries, 





Admiralty, Rex House, Regent-street, London, 8S.W.1. 
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LONDON TRANSPORT COACH. 
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REBUILDING A LONDON 
TRANSPORT COACH. 


Tue classic example of a war-time emergency repair 
was that of the Tribal-class destroyers, H.M.S. Zulu 
and H.M.S. Nubian, in the last war. The bow of one 
and the stern of the other being too extensively 
damaged to make reconstruction worth the time and 
labour that would have been involved, the sound por- 
tions ef the two ships were joined together to make one 
composite vessel, which was named Zubian. 

A somewhat similar reconstruction in the repair shops 
of the London Passenger Transport Board is illustrated 
in Figs. 1 to 3, on this page. During an air raid in the 
autumn of 1940, a District Railway trailer car, No. 
013167, was almost completely destroyed for three- 
quarters of its length. Shortly afterwards, a Metro- 
politan Railway motor car, No. 14233, was also hit, | 
one end being wrecked and the remainder of the body | 
deformed by blast, which blew the roof upwards. It | 
was decided to construct a new motor car from the | 
sound portions of the two damaged coaches. The | 
wreckage was cut away from car No. 14233, the solebars, 
main longitudinals being cut through on a vertical 
plane just inside the first pair of double doors. The 
undamaged end of car No. 013167 was similarly cut, 
and the two parts were then brought together as shown 
in Fig. 1, above. The cuts in the longitudinal members Fic. 2, Damacep District Ramway Coacu. 
were so arranged that the ends could be butted together 
without needing making-up pieces. The roof members 
of car No. 14233 had been removed previously and reset 
to the correct shape, the sides of the car being then 
pressed out and the roof members refitted. 

The solebars and main longitudinals were joined by 
arc-welding, and cover strips were welded over the joints 
to give additional strength. The original roof sheets 
were replaced, only one new sheet being required, at the | 
joint of the two body portions. Much of the interior | 
woodwork was salved from the two damaged cars, | 
together with most of the fittings and seats, and was 
used to fit out the new composite car, which was given 
the number, 14233, of the old motor car. Very little | 


new material was used, other than glass, ceiling board, 
and two steel panel sheets. Fig. 2 shows the old motor | 
car in its original wrecked state, and Fig. 3, the new car 


ready for service. 


























EXPORT CREDITS GUARANTEE DEPARTMENT.—During 
the quarter ended September 30, 1941, the Export 
redits Guarantee Department, assumed liability up to a 
aximum of 10,994,474/. in respect of contracts, policies, 
d guarantees amounting to 24,814,6411. Fie. 3. Compretep Coacn. 
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HOME PRODUCTS AND 
FOREIGN TRADE. 


WHILE economic nationalism cannot be regarded 
as a prime cause of the war, it was certainly a 
major cause of industrial difficulties and financial 
problems in the years that preceded it. There is 
some irony, therefore, in the present situation, which 
compels even Britain, the nation above all others 


to apply economic nationalism in home affairs to 
an extent hardly exceeded by its most fervent 
supporters elsewhere in the world. Food and the 
essential raw materials of industry are now almost 
the only imports which the ordinary citizen con- 
tinues to depend upon; for the minor require- 
ments of both industrial and domestic life, he is 
bidden or forced to rely on home production, and 
as a result finds himself obliged to re-learn much 


that has lived by international trade for generations, | 





Strand, W.C.2. 
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Department is Hayes 1730, 


and that of the Publishing 
Department, Hayes 1723. The 


Bedford 


Street Offices are 


open on Fridays only, between 
10 a.m. and 5 p.m., for the dis- 
tribution of the current issue 


and for retail sales. 


about the products of his own country that years 
of freedom to tap the world’s markets had caused 
to be forgotten. It should not be necessary to teach 
the British user of timber the properties and 
possible uses of home-grown timbers, but the need 
appears to exist, or presumably the Department of 
Scientific and Industrial Research would not have 
felt justified in producing a special war-time edition 
of the booklet on The Uses of Home-Grown Timbers, 
originally compiled in 1927, and now amended by 
the addition of new data derived from the extensive 
experimental work that has been carried out at the 
Forest Products Research Laboratory. 

The new edition* follows the general layout of 
the two preceding editions, discussing the weights, 
shrinkage, bending and strength properties, resist- 
ance to attack by fungi and insects, permeability, 
working qualities, etc., and adding—a matter of 
special importance in modern war—notes on com- 
parative resistance to fire. As in the former 
editions, however, some of the most interesting 
notes are those detailing the possible industrial 
uses in which home-grown timbers may be satis- 
factorily substituted for the imported varieties on 
which manufacturers and constructors of all forms 





War Emer- 
[Price 


* A Handbook of Home-Grown Timbers. 
gency edition. London: H.M. Stationery Office. 





ls. 6d. net.). 


of wooden production have come to rely. The 
extent of that reliance, even in the minor trades 
which developed and formerly flourished in and 
around the timber-growing districts, has been 
disturbingly complete. 

In June last, we recorded that the Newcomen 
Society held a one-day summer meeting among the 
Buckinghamshire chairmakers, who provided ample 
evidence of this tendency. They are now “ driven,” 
as one of them expressed it, to use local beech in 
place of imported beech from Central Europe ; cane 
seating of chairs has almost ceased, because the 
materials can no longer be obtained from Holland ; 
and pressed plywood seats, as used in the “ bent- 
wood ” chairs, are having to be discarded, because 
the trade had depended for them upon imports from 
Czechoslovakia. This is a situation that would be 
absurd if it were not so serious. While inter- 
national free trade is an obviously desirable ideal, 
there is something gravely wrong with an economic 
condition which makes it preferable to import 
Central European beech into the best beech-growing 
district in the British Isles, rather than to use the 
timber that is growing in comparative profusion on 
the spot. The cutting and transporting represents 
labour and money much of which might have been 
more profitably employed at home. The shipping 
space is not necessarily provided at the expense of 
other and more urgently needed cargoes, in time of 
peace, but the payment for it is also a charge upon 
home industry. If, in spite of this, it still pays to 
use the imported timber, the conclusion is that there 
is some flaw in the economic system that makes 
possible such an unreasonable state of affairs. 

Despite much vague talk of “ new orders,” there 
is no question that British industry and social life 
must be founded on what is virtually a war basis of 
economy for many years after the war. A recent 
correspondent to The Times concisely summed up 
the position, pointing out that “ A high proportion 
of our energies, when the war is over, will be of the 
nature of salvage—and salvage means the painful 
recovery, so far as is possible, of what we once had, 
not the facile creation of a brand-new paradise. 
One main condition that we shall have to face will 
be, as the Professor [D. H. Macgregor] most truly 
says, ‘ the sheer depletion of our resources.’ ” Those 
resources are, or were, world-wide. Some will be 
actually depleted, in the sense that the source of 
supply is no longer in existence or cannot be 
restored to productive existence for some consider- 
able time ; others will be virtually reduced in pro- 
ductivity, merely because the British consumer no 
longer commands the means to pay for the goods 
that they could supply; others again will be tem- 
porarily closed to the British buyer because their 
output is fully absorbed in repairing the ravages of 
war in their own countries. For these and other 
reasons, of which lack of transport is likely to be 
one of the most serious for a number of years to 
come, the British consumer must expect to find, after 
the war, that he must entirely recast the former 
organisation of his business if its restoration is not 
to be unduly delayed or even rendered completely 
impossible. Such recommendations as those con- 
tained in the Handbook of Home-Grown Timbers, 
therefore, deserve the closest study, and not only 
during the continuance of the war. They might 
well be supplemented by others, applicable to a 
wider range of the raw materials of industry and 
accompanied by some official assurance that, 
while it may be necessary to retain some control 
over imports for a period after the war, the present 
restrictions on the use of home-produced materials 
will be relaxed at the earliest possible moment. 

The problems of overseas trade are likely to be 
even more complex after the war than before it, 
and not only as a direct result of American inter- 
vention under the terms of the Lend-Lease Act. 
A great part of the former British trade with South 
America must be regarded as lost, in spite of the 
efforts made during the early stages of the war, 
with full Government encouragement, to retain as 
much of it as possible. Some of it must be retained, 
more especially with Argentina, in order to pay for 
the foodstuffs which will still be required in large 
quantities; and the absence of good-quality coal 
in South America makes it reasonably certain that 





coal will continue to be a prominent feature in 











British trade with that continent, despite the fact 
that it is always better, as a general principle, to 
export manufactured goods rather than raw mate- 
rials. South American transport 


' 


requirements, | 
however, which have been a valuable trade standby! Great Britain has prevented the risk of any im-| by local gonditions. 
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STEAM AND WATER-POWER 
STATIONS. 


THE small amount of water power available in 
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parative allowable cost of a hydro-electric station 
at 300 dols. per kilowatt. Round over-all ficures 
of this kind form a useful general guide, but it jg 
obvious that every individual case will be aflected 
Not always, but generally. 


in the past, are likely to be met from United States portant controversy about the relative merits of | the hydro-electric stations will be located at 4 
sources to a great extent, and the economic pressure | hydro-electric or steam-power generating stations. | distance from large centres of population so that the 
exerted by two European wars in a quarter of a| [pn most parts of this country, the question is too | Cost of transmission forms a more important item 


century has so stimulated native manufacturers of! academic to have resulted in 


the type of public 


in the final balance sheet. The cost of electricity 


miscellaneous goods that many of the South Ame-| discussion which is common in the United States. | at the consumer's terminals is the ultimate crite: ion 


rican republics are rapidly approaching self-suffi- | 
ciency in these respects. 
In North America, Australia, South Africa and 





Even here, however, there is a definite bias in| 
favour of water-power generation for constant- | 
load electro-chemical and electro-metallurgical pro- 


Large hydro-electric developments, however, fre. 
quently serve important ancillary ends, such, for 
instance, as irrigation in the case of Grand Coulee, 


New Zealand, the needs of war have led to a great | cesses. That in many cases this. bias has no founda-| Which may be set off against the actual cost of 
expansion of manufacturing resources, which the | tion in fact was shown by Professor R. S. Hutton | delivered power. 

countries concerned will naturally wish to employ | and Mr. O. W. Roskill in a series of articles which 
for their own advantage when the demand for | appeared in these columns about two years ago.*| case in which a choice between steam and water- 


munitions ceases. The immediate 


These considerations illustrate the fact that every 


outlook for} In many parts of America the general question | power generation is presented is a special one and 


British manufactures in the post-war era, therefore,|is no more a matter of controversy than it} must be determined by a proper consideration of all 


appears to lie mainly in the rehabilitation of Europe ; | 
the greater part of which will certainly have great 





is here and there is, for instance, no body of 
opinion holding that the Hydro-Electric Power 


factors. Some support for Mr. Swain’s claims, in 


general terms, for steam stations is, howeve: 


difficulty in paying for it otherwise than in kind | Commission of Ontario should pay more attention | presented by plans which the Federal Power Co 


| 


or in promises, and will prefer, if possible, to import | 


to steam-power generation. There does not seem 


mission have put forward for the development of 


first such materials as are urgently necessary to re-| to be anything in the constitution of this authority | power supply to meet the defence programme of 
establish and develop native industries as the best|to prevent it from doing so and it now operates | the United States in the years 1943 to 1946. These 
safeguard against widespread unemployment and | a small steam plant at Hamilton on Lake Ontario.| plans cover the installation of 2,500,000 kW of 
hardship, with all the unrest that these evils bring | The abundance of water power available, however, | new steam generating plant, and 1,000,000 kW of 


in their train. 


European industry, for this reason, | is such that there is no room for any difference of | new water-power plant. 
is likely to provide only a temporary outlet for| opinion about the desirability of its utilisation as | on the assumption that 30 per cent. of the normal 


These figures are based 


British goods ; certainly, not sufficient to constitute | the general source of electric power in the Province. | power load of the country will be turned over 


& permanent compensation for lost markets and | Similarly there are parts of the United States in| munitions manufacture. It 


opportunities elsewhere. 


which, with coal supplies close at hand and im- 


would not be fair t 


take these proposals as indicating the relativ: 


All these indications, if we have read them aright, | portant water-power sources far away, thermal) economic claims of the two types of generatior 
confirm the necessity for a fairly comprehensive | generation is accepted as the natural procedure.| They represent an emergency programme, and no 
revision of the structure of British economic life. | In other parts of that country, however, the claims| matter how excellent a case might be made out 
There will be room for a certain amount of overseas | Of the rival types of generation are more evenly for large hydro-electric installations, it is clear 
trade, for there will always be some manufactures | balanced and acrimonious discussions have arisen | that, save in exceptional circumstances, they could 
in which British design and craftsmanship can be | about which should be utilised. 


relied upon to attract the potential customer more 
than the similar products of other countries ; but | 


This matter was dealt with in an interesting way 
in a paper read by Mr. Philip W. Swain before the 


not be brought to a production stage in less tiny 
than a steam plant. 
The Federal 


Power Commission considers that 


it seems probable that the total volume of world| Midwest Power Conference, held in Chicago in| the munitions programme will represent a load of 


external trade may suffer a permanent shrinkage | April, 1940. 
unless some workable scheme can be contrived to|  hydro-versus-steam 
facilitate the exchange of commodities on a more | political and not technical at all. 


extensive basis than mere needs demand. This 
being so, and taking into account the gradual, but 
fairly general, acceleration of sea transport, it seems 
unlikely that the post-war world will require an 
aggregate tonnage of mercantile shipping comparable 
with the pre-war total, when the first rush of recon- 
struction is over; and, of course, the possibility 
of restoring the steady revenue from “ invisible 
exports” which Britain formerly enjoyed, and which 
was contributed largely by shipping services to other | 
countries, would be correspondingly reduced. 

It is eminently desirable, therefore, that the 
British nation as a whole, should prepare its col- 
lective mind now for a continuance of its war 
economy into the days of peace, and should become 
reconciled to the idea that it must provide for its 
sustenance and social amenities to a greater extent | 
out of home resources, and not rely quite so much 
on the profits of international trade. The expressed) 
determination of Government spokesmen not to 
allow agriculture to lapse once again into the 
moribund state of the pre-war years is a big step 
in the right direction, if vigorously implemented ; 
and the cheapening of power services and inland 
transport is another essential requirement. The 
war on waste, which is now being forced upon the 
attention of the community, ought to become a 
permanent institution. Above all—though this 
is entrenching upon some of the most cherished 
tenets of the “ new order ”’ specialists—there should 
be a truce to all proposals, howsoever disguised, 
which are in effect no more than subsidies for idle- 
ness and restrictions upon the productive industry 
of the individual. As Falstaff declared with much 
truth, although in a very different connection, “ ’tis 
no sin in a man to labour in his vocation”; nor 
is it a crime for him to make a profit out of his 
industry. The wealth of this country was built 
upon a foundation of individual industry and 


ingenuity, and no greater disservice can be rendered 
to the nation as a whole than to discourage the 
initiative of its individual members by obstructing 
their efforts and disparaging those whose work 
has been rewarded with a modicum of financial | 
success, 





He pointed out that the basis of the 
controversy was really 
As practically all 
large recent hydro-electric developments had been 
carried out by some type of public authority and 
nearly all important steam stations had been 
constructed by private companies, a general public | 
opinion had grown up which connected water- 
power generation with public ownership. This idea 
had led, in turn, to the notion that the whole question 
of the power supply of the country was one of the 
generation and distribution of electricity and that | 
industrial and social progress lay in the development 


| of ‘* cheap hydro-power.” 


That this idea was baseless could be illustrated 
by some figures. Industry in the United States 
spent about 600 million dols. a year in the purchase 
of electricity ; it also spent 200 million dols. in 
operating generating plants of its own, this in- 
cluding fuel costs and all other charges. Compared 
with these figures, industry spent 1,000 million dols. 
a year in producing steam for heating and process 
work. There is no difference of opinion about the 
importance of cheap and widespread electricity 
supply in an industrialised country, but these 
figures show that as a servant of industrial activity 
it does not occupy the first place, and helps to 
undermine the general idea that its abundant pro- 
vision is in itself a sufficient basis for industrial 
progress. Non-technical opinion on electric supply 
problems tends to concentrate attention on generat- 
ing costs per unit at the station and to overlook 
the fact that it costs more to distribute electricity 
than to produce it. 

Mr. Swain permitted himself to say that “ under 
typical present-day conditions, additional power 
can usually be supplied more cheaply from new 
steam-electric capacity.” The accuracy of this 
statement naturally depends on what is meant by 
“typical present-day conditions.” Mr. H. F. 
McPhail, the Assistant Chief Electrical Engineer to 
the Bureau of Reclamation, in the course of a 
statement to the Senate Sub-Committee on Public 
Lands and Surveys, on July 28, gave the cost of a 
50,000 kW coal-burning station as 125 dols. 
per kW. Assuming a 50 per cent. load factor, 
and coal at 2 dols. a ton, he estimated the com- 


* ENGINEERING, vol. 147, page 522, et seq. 





20,000,000 kW, of which 11,000,000 kW will be 
made available by the diversion of present industria! 
load to war manufacture. Of the remaining 
9,000,000 kW, more than half will be represented 
by power already consumed in munitions factories 
There remains, however, 3,500,000 kW of new 
power to be provided. As stated above, it is pro 
posed that 2,500,000 kW of this shall be covered 
by steam plant and the remainder by hydro-electri: 
plant. The greater part of the proposed new steam 
units would be located in existing steam stations, 
mainly the property of private companies, in some 
cases the plans for steam stations now under con- 
struction being modified to increase the capacity to 
be provided. No better illustration of the ease 
with which new steam plant can be installed could 
be given than is evident from this decision. The 
11,000,000 kW of new hydro-electric plant is pro- 
posed to be obtained by the installation of further 
generating sets at existing stations, and, where 
possible, by proceeding with new _ river-basin 
projects. The potential importance of the existing 
water-power stations in the programme is illustrated 
by the fact that at Grand Coulee it is proposed to 
install 324,000 kW of new plant in 1943 and 
108,000 kW in each of the succeeding three years. 
That these ambitious proposals should be within 
the industrial capacity of the United States is 
illustrated by the fact that between January |, 
1940, and June 30, 1941, the Federal Power Com- 
mission alone placed orders for new generating units 
totalling 6,361,000 kW. Funds for the carrying out 
of the programme would be provided by the Recon- 
struction Finance Corporation, and the sum required 
is estimated at between 150 million and 200 million 
dols. a year. It is considered by the Federal Power 
Commission that there is no question about the 
investment represented being entirely sound as all 
the projects envisaged merely represent earlier 
construction of plant which would in any case have 
been demanded by the normal course of develop- 
ment. The above figures represent the cost of the 
generating units only. The total investment in 
steam stations would be from 75 million to 100 
million dols. a year, and in hydro-electric stations 
170 million dols. In the case of the latter figure. 
about one-third would be credited to flood-control 
and navigation works. 








A 
a te 
heer 
stat 
feat’ 
und 
pro’ 
dist 
nati 
cha 
tion 
mor 
add 
not 
full 
the 
put 
“ il 
sat 
up 
14 
an 
un 
cle 
ad 
al 
in 
it 
Li 


m 
at 


of 








10n 


res 





OcT. 24, 1941. 


NOTES. 


GOVERNMENT Roap-HAULAGE SCHEME. 


AN announcement relating to the organisation of 
a Government Road-Haulage Scheme has recently 
been made by the Minister of War Transport. He 
states that the objects laid down as the essential 
features of such a scheme were that a fleet of vehicles 
under continuous Government control should be 
prov ided and that a considerable portion of the long- 
distance road movement of Government and other 
national traffic should be arranged through one 
channel. After consultation with the Road (Opera- 
tions) Advisory Committee, the original plan was 
modified and it was decided to make provision for 
additional vehicles to be available on call at short 
notice to meet emergencies, and also to enlist the 
full co-operation of the road-transport industry in 
the operation of the scheme, which will now be 
put into force as speedily as possible. The scheme 
will consist, in the first place, of a Ministry organi- 
sation covering the whole country, which will be split 
up into six divisions and further sub-divided into 
14 areas. This organisation will control the traffic 
and movement of the fleet of vehicles under con- 
tinuous Government control and it will act as a 
clearing house for traffic. In the second place, in 
addition to the Ministry's organisation, there will be 
another organisation, set up and managed by the 
industry, which will allocate the traffic passed to 
it by the Ministry. Lastly, a series of “* Defence 
Lines” will be established to meet emergencies. 
These will consist of vehicles belonging to carriers 
who agree to place them at the Ministry’s disposal 
at short notice. Rates and conditions of hire, con- 
ditions of carriage, insurance, and all necessary 
working arrangements, have been decided upon 
and will shortly be made known. Information 
regarding the manner in which individuals and firms 
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Other large steam stations are those at Congella 
and Salt River, which approach the 100,000 kW 
mark. At the other end of the scale, the Commis- 
sion has five small oil-engine stations, the smallest, 
that at Scottburg, near Durban, having a capacity 
of only 16 kW. The only hydro-electric station in 


the Transvaal ; it has a capacity of 450 kW, and its 
whole output is taken by two gold-mining com- 
panies in the district. By .ar the largest proportion 
of the output of the Commission’s stations takes the 
form of bulk supplies to mining properties, but it 
has also an important railway load and gives bulk 
supplies to a large number of municipalities. It is 
also itself engaged in retail distribution and has 
done much rural electrification work. It directly 
supplies 108 towns and villages and 427 farms. 
The Commission operates on a non-profit making 
| basis, and in 1940 showed a surplus of 2,289/. on 
an undertaking with a capital account of 24,000,000. 





Post-WaR PLANNING IN ELECTRICAL 
ENGINEERING. 

The Institution of Electrical Engineers has 
established a Post-War Planning Committee, the 
terms of reference of which—as approved by the 
Council—are to study post-war planning in elec- 
trical engineering, with the object of making 
recommendations to the Council from time to time, 
and to co-operate, where desirable, with other bodies 
and persons carrying out similar studies. In par- 
| ticular, the Committee will consider and report on 
development in regard to education, training and 
personnel; fundamental and applied research ; 
electricity supply, distribution and _ installation ; 
production, manufacture and employment ;_tele- 
communications, reconstruction and development ; 
| the general policy of the Institution towards pro- 
| blems of post-war reconstruction and development, 





may participate in the scheme will be made avail-| in-juding any desirable changes in the structure and 


= to ee an early date through the | machinery of the Institution ; 
Ministry's Regional Organisation, the associations | standardisation of material and design. 
| Beard, M.Sc., has been appointed chairman of the 


of the industry, and in other ways. 


Tue Evecrriciry SuppLy CoMMIssION or SovutH | 
AFRICA. 

The incidence of present conditions on the elec- | 
tricity-supply business is evident in the report 
of the Electricity Supply Commission of South 
Africa for the year ended December 31, 1940. The | 
consumption of electricity showed a percentage 
increase of 13-9, compared with 19-7 and 17-7 for 
1939 and 1938. This fall in the rate of progress is | 
probably explained by the fact that soon after the 


and problems of 
Mr. J. R. 


Committee and the members comprise Col. Sir A. 
Stanley Angwin, D.S.O.; Dr. P. Dunsheath, O.B.E., 
M.A.; Mr. V. Z. de Ferranti; Dr. A. P. M. Fleming, 
C.B.E., M.Se.; Sir George Lee, O.B.E., M.C.; Mr. 
E. Leete ; Professor 8. Parker Smith, D.Sc.; Mr. 
Johnstone Wright; Mr. H. T. Young, and the 
President (ex officio). With the approval of the 
Council, the Committee has established sub-commit- 
tees for the closer investigation of the problems 
involved. These include an Education, Training 
and Personnel Sub-Committee, under the chairman- 


pality and to the Victoria Falls Company iteelf. | 





333 
official trade-unionism towards this very widespread 
development in modern industry. The extent to 
| which shop stewards may be regarded as truly 
| representative of the men whom they profess to 
| represent differs widely, but there is no doubt that, 


| 
| 


|in many works, their growing power is viewed with 
| distrust by the more sober-minded of their fellow 





the system is that at Sabie, in the eastern part of | workpeople, who would prefer that the regular 


| trade-union officials should act as their spokesmen 
| when necessary, rather than these unofficial “ dele- 
gates” who, while claiming to be appointed by the 
}employees in particular shops, often owe their 
| positions to their own assertiveness. The move- 
ment had its beginning in dissatisfaction with the 
unavoidably slow pace of negotiations carried cut 
by the established channels linking the trade organi- 
sations with those of the employers, and a desire to 
expedite them by more direct action; but any 
successful application of the method necessarily 
undermined the authority of the unions and reduced 
the possibility of employing the agreed mode of 
| procedure effectively on future occasions. The 
| fact that the meeting at the Stoll Picture Theatre 
| endorsed the need for increased production can 
hardly be accepted as a justification for holding it ; 
that need must be sufficiently realised by all who 
have followed the progress of recent events in 
Europe not to require additional endorsement. 
More characteristic of the impatience and short- 
sightedness that has always typified the movement 
is the assertion, attributed to one speaker, that 
Britain has shown a “ shameful reluctance to take 
its full share of working and fighting alongside the 
Russians,” and the eventual decision of the con- 
ference to send a message to the Prime Minister, 
demanding a British offensive against Germany in 
the west. Statements and demands of this kind 
can do no good to anyone, even though they may 
do no particular harm; but there is a definite 
possibility that they may do considerable harm, 
if quoted and perhaps distorted by an alert enemy 
propaganda service. If the shop stewards as a body 
are really concerned to expedite armaments pro- 
duction by every means in their power, they can 
do so much more effectively in the shops than in a 
closely-guarded meeting, held in contradiction of 
the known views of the trade unions to which the 
| “* delegates ” belong. 














Roap ACCIDENTS. 


The monthly return of the number of persons 
| reported to have died or to have been injured as a 
result of road accidents in Great Britain has just 
been issued by the Ministry of War Transport. 
| The statistics, which relate to the month of Septem- 


outbreak of war the Commission decided to restrict | ship of Dr. A. P. M. Fleming ; a Research Sub-Com- | ber, show that 768 persons received fatal injuries, as 
load development as far as possible, except for| mittee under Dr. P. Dunsheath; an Electricity | compared with 910 in September, 1940, and that 
essential supplies, in order to safeguard the interests | Supply, Distribution and Installation Sub-Commit- | 4,105 persons were seriously, and 12,167 slightly, 
of its existing customers. The policy has clearly | tee, the chairman of which is Mr. J. R. Beard; aj| injured. For some unexplained reason no record 
not interfered with war activities, as bulk supplies | Production, Manufacture and Employment Sub-| was taken of the numbers of persons injured during 
for mining showed an increase of 14-46 per cent. | Committee, of which Mr. V. Z. de Ferranti has been| the month of September, 1940, so that no com- 
and direct supplies to industry one of 41-93 per| appointed chairman; a Telecommunications Sub-| parison can be attempted. As heretofore, an 
cent. There have naturally been difficulties, and| Committee under the chairmanship of Col. Sir A. | analysis is made to show the category of road users 
power-station extensions have been delayed owing | Stanley Angwin ; and a Policy Sub-Committee under| to which the victim belonged and whether the 
to plant on order overseas not being delivered | Mr. H. T. Young. The seventh section of the work, | accident occurred in daylight or during the hours of 
according to schedule. A 25,000-kW generator | dealing with standardisation and design, is under} darkness. It is difficult to come to any definite 
ordered for the Colenso power station in Natal in| discussion by the main committee. While the | conclusion with regard to the trend shown by the 
1939 has been delayed in manufacture and is not | importance of this work is appreciated, it is felt that, | numerous figures quoted, except the fairly obvious 
expected to be in operation before the end of this | for the present, the formation of a sub;committee to | one that fewer children under 15 years of age were 
year, while a 40,000-kW turbo set and three| deal with it must be held in abeyance. With a| killed or injured during the “ black-out” hours 
200,000-lb. boilers on order for the Congella power| view to the maintenance of the closest possible | than during other hours of the day; the actual 
station at Durban, were released to the British| contact with the other two leading engineering | total of deaths being 5 and 132, respectively. On 
Government for use in England. A high degree of | institutions on the subject of post-war planning, it | the other hand, whereas 118 adult pedestrians lost 
priority has been given for the manufacture of the | has now been decided to set up a Joint Co-ordinating their lives in daylight hours, 144 were killed during 
replacement plant. The Electricity Supply Com-| Committee consisting of two representatives from | the hours of darkness. Thirty-nine motor cyclists 
mission, which has been in operation since 1925, each of the Institutions of Civil, Mechanical and | died as the result of accidents taking place at night 
now owns stations with a total capacity of more Electrical Engineers. and 84 were the victims of fatal accidents taking 
than a million kilowatts. This is distributed ; . | place during daylight. What, at first sight, appears 
among a wide variety of types of installation. The | SHOP STEWARDS. /an uncommon category of road users is included 
two largest are the Klip and Witbank steam sta- The meeting of shop stewards belonging to various | in the return ; these—described as “ other persons ”’ 
tions in the Transvaal, the former of which has a| trades engaged in armaments production, which |_are not pedestrians, drivers of mechanically- 
capacity of 396,000 kW and the latter of 100,000 kW. | was held in the Stoll Picture Theatre in Kingsway | propelled vehicles, motor cyclists, pillion passengers 
Both these stations are operated for the Commission | on Sunday last, has drawn pointed attention to a| or pedal cyclists. Hence they must be passengers 


by the Victoria Falls and Transvaal Power Company. | movement of which the general public has been | or perhaps horsemen or drivers of horse vehicles. 

The Klip station is exclusively employed in the sup-| only vaguely aware hitherto; and the refusal of| At all events while 28 drivers of mechanically- 

ply of power to the gold-mining industry and other the Amalgamated Engineering Union to countenance | propelled vehicles were killed during the month, 104 

consumers on the Witwatersrand. The major part| the activities of those shop stewards who claimed | other persons ” were fatally injured, this number 

of the output of the Witbank station takes the| to attend on behalf of men in the trades covered | being identical with that of deaths among adult 
cyclists. 


form of bulk supplies to the Middleburg Munici-' by the A.E.U. sufficiently indicates the attitude of 
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METHOD OF FINDING THE 
EQUATIONS OF CURVES. 


By J. C. Barnes, M.A., B.Sc. 


A pEscriIPTION of a method for finding the 
equations of curves, which should prove to be 
useful in determining the laws governing sets of 
experimental values, is given below. It is applic- 
able to almost any form of curve, including trigono- 
metrical functions, hyperbolic functions, exponen- 
tials, parabolas, hyperbolas, etc., but is most 
useful where the value of y at z= 0 is readily 


obtainable. In the hyperbola y = <, 
y= o at x= 0, it is not possible to obtain an 


where 


exact equation for the curve but a very close approxi- | ; 
mation in series form can be obtained down to a| Then, since D, is the 


‘| 
| absolute term 
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y—0.C,—0.C,—0.C,—0.C,—0.C, 
; i. aaa m ma 
Example 1.—Assume that the corresponding 
values for x and y picked off from a curve of which 
the equation is to be found, are as tabulated below. 

Then the difference column table is as shown. 


r 7) D, Dy Ds D, Ds 
0 2 
1 
l 3 100 
101 438 
2 104 538 696 
| 639 1,134 360 
3 743 1,672 1,056 
2,311 2,190 360 
4 3,054 3,862 1,416 
| 6,173 3,606 
7,468 


5 997 
o U,224 


6 22 865 


13,641 


**constant’”’ column, r = 5, 


low value of z. It should be noticed that the | and: 


equation of a parabola such as y = 2", or even a| 
complex equation such as y = x* — 32° + 42*— 27+-5, 
can be obtained with absolute accuracy, whereas | 
equations of the converging-series form can only 
be determined approximately, the accuracy depend- 
ing on the number of terms involved. 

In order to cover the method fully, the examples | 
given have been chosen for higher values of the 
index of z than are likely to be found in practice 
and the work involved is therefore more tedious 
than that which would be necessary in the majority | 
of engineering problems. A simple form of curve | 
frequently met with is y = 2* + C, and while the| 
equation y = z* is readily determined by means of | 
log-log paper the addition of the constant C adds to 
the difficulty of the problem. The method de-| 
scribed below not only obviates the necessity for | 
using log-log paper, which may not be obtainable, 
but provides a ready and simple means of finding | 
both terms of the equation. If the experimental | 
values are not absolutely accurate the equation | 
found may not be quite of the form which would 
be expected, but it should at least provide a clue 
to the general nature of the curve, thereby making 
further investigation possible. 

From the curve, pick off values of y corresponding 
to x= 0, z= 1, etc., and lay out a “ difference 
column ”’ table, continuing to take differences until 
constancy is reached. It should be noted (a) that 
if constancy is not reached by the fifth difference 
column, either the experimental values are in- 
accurate or the curve is likely to be that of a con- 
vergent series. In either case a close approxima- 
tion will be found if five terms of the series are taken ; | 
and (6) if the scale of z has not the required range, 
say 0 to 5, an auxiliary scale should be constructed, 
the values being converted back to the original 
when the equation is determined. 

The following symbols are employed :— 

r 

C, 

C 


the highest index of z involved in the equation. 


the coefficient of -z } 
al etc. 


| 


ou uud 


2 ” ” 
W the first term in the y column. ) 
,D,= the first term in the first difference | 
column (D,) etc 
,D,= the first term in the second differ- f 
ence column (D,) J 


,K,=the first (smallest) constant used with C. 
2K,= the second constant used with C, 


Method.—The index r of the highest power of z| 
involved in the equation is numerically equal to the | 
subscript of the difference column where constancy | 
is reached, and the coefficient corresponding to 
this power is found as indicated below ; the method 
of finding the remaining coefficients is also shown. | 
Since it is probable that r will not be very high, the 
following is a particular statement using numerical 
values for K, assuming r = 5: 


* hete. 





Ds 

c= 5 
c, — Da 240.0, 

canine. ees 

. _ yD, — 150.0, — 36.0, 
os Le, ce 
O, = Ba B-G— 4-0, 8-6 

sia Ti 2! 
c, — Dr —1-Cs—1.C,— 1. -1.6, 
a 8G — 3G — 





D 60 
C,; = Ti = ad =3. ... first term = 3 2°. 
. 3D, — 240.C, 696 —3 x 240 
Ms /—<— ater: ae — 
c. — Ds — 150. Cy — 36. Cy 
ee : ieee eee 
_ 438 — 3 . 150 + 1 x 36 niet 
3 . 
,D, — 90.C, — 14.0, —6.C, 
ae i se 
_100—3 x 30+1x 4—4x 6 0 
- — —- - == Y. 
C _ 4D, —1.C,-—1.C,—1.C,—1.C, 
a eee 
1—3xl+I1xi1l—4x1l 
a ioquuimanennes an oo Gi, 
1 
absolute an = 2" = 8 


l 
Therefore the required equation is :— 
y = 32° — x* + 42° — 5x + 2. 


In the above method, if r should be less than 5, 
let the unwanted coefficients (C,;, C,, etc.) = 0, 
and proceed as before. 

Example 2.—Assume that the corresponding 
values of z and y picked off from a curve of which 
it is required to find the equation, are as tabulated 
below. 


z y D, D, Ds 
0 3 
3 

1 v0 20 

23 24 
2 23 44 

67 24 
3 90 68 

135 
4 225 


Then since D, is the constant column, r = 3, 
and :— 
1D, — 150. C, — 36. C, 














a oe —vi. 

24— 150 x 0— 36 x 0 
== = 4. 
6 

C _ 1D, — 30.0, — 4.C, —6.C, 

~~ 2! 

_ 20—30x 0-14 xO0-6x4 
om ; cee Gls 

c _ iD, —1.C,—1.C,—1.C,—1.C, 

- l! 
_3—1x0-1x0-1x4+1x2_, 
snc ‘=e = 1, 
absolute term = ——s —3 


Therefore the required equation is :— 
y = 42° — 22? + x — 3. 


The above examples are obviously theoretical 
cases designed to illustrate the method. In actual 
| practice, using experimental values of questionable 
accuracy, the chance of obtaining “ constancy ” 
| within the first five difference columns is rather 
remote, but the application of the principles out- 
| lined above will give an approximation, and a slight 


change in the coefficients will usually result in a| 


satisfactory solution. 
Determination of the Constants K.—While it is 


il | probable that it would never be necessary to| 





continue the method beyond the fifth difference 
column, considerable interest is to be found in the 
means of doing this. The part which follows js 
therefore chiefly of mathematical value in showing 
the basis on which the method is founded. 4 
general statement of the above system for finding 


values of C may be expressed as follows :— 
| 


D 
Cr= ++ 
r! 
Dir -1) — rKr. 
Cy-» wo SRS eS 
(r —1)! 
c 1D(r —2) — (r—1)Kr . Cr — (r—1) K(r—1) . Cir —1) 
(r—2) = ——— 


(r — 2)! 
ete. 

Obviously some system must be devised for deter. 
mining the values of the constants K, and to do 
this the following empirical method is used. 

1Ky = (0)’ 

2K, -~ (1)’ “y (0)” 

sKy = (2)" — 2(1)’ + (0)" 

aK, = (3)’ — 3(2)’ + 3(1)" — (0)’ 

sKy = (4)’ — 4(3)" + 6(2)’ — 4(1)” + (0)’ (ete.) 

It will be seen by inspection that the necessary 
coefficients may be found from the expansion of 
(a — 1)", and that the quantity operated on by r 
| decreases by | for each successive stage to the right. 
| 





Example 1.—To find the value of ,K;,. 


(a — 1}? = a*? — 2a +1. 

.. the coefficients are: + 1, — 2, and + 1. 

. gKp = (2) — 2(1)” + (0)’. 

. 3K = (2)5 — 2(1)* + (0)* = 30. 

Example 2.—To find the value of ,K;. 

(a — 1)? = a? — 3a* + 3a — 1. 

.. the coefficients are + 1, — 3, + 3, and — 1. 
aKy = (3)’ — 3(2)” + 3(1)” — (0)’. 

-*. aks = (3)§ — 3(2)5 + 3(1)5 — (0)§ = 150. 


In a similar manner K may be found for any 
value of r, r — 1, r — 2, etc., and since r may be 
any integer between zero and infinity, it is possible 
to extend the system indefinitely. It should be 
-noted, however, that the subscript to the left of K 
can never be greater than that to the right. 

In any brief description of this kind it is difficult 
to provide examples illustrating every problem 
which may be encountered, but those given are 
sufficiently comprehensive to cover the common 
types of curve and the mathematical reader should 
|be able to apply the method with considerable 
advantage. 











| LETTERS TO THE EDITOR. 


THE CONTROL OF POWER IN 
LARGE INTER-CONNECTED 
| ELECTRIC SUPPLY SYSTEMS. 


To THE EpiTor oF ENGINEERING. 


| Srr,—In his letter on page 295 of your issue of 
| October 10, Dr. Wall has not quite appreciated the 
| point of my criticisms of his article. The operation 


* | of breaking an electric circuit is a very complicated 


physical process; a practical system of rating, 
therefore, must be based upon certain conventions, 
which, as far as this country is concerned, are 
contained in B.S.S. 116. Any exposition of circuit- 
breaker operation, if it is to avoid producing con- 
fusion rather than enlightenment, must be based 
upon these conventions, or at least bring them out 
clearly. Dr. Wall, however, has ignored them. 
I do not agree that the word “ power,” even in the 
sense of reactive power, can be applied to the 
breaking capacity of a circuit breaker. Reactive 
power, a well established concept in alternating- 
current theory, is the product of the voltage and 
the component of current in quadrature with the 
voltage. There is, therefore, no excuse, or reason, 
for applying it to the product of two quantities 
which do not even exist simultaneously. 

Coming now to Dr. Wall’s example of the three- 
| phase breaker, I agreed in my first letter that the 
| values of current and voltage were correct and I 
now add that their derivation was illuminating ; 














nce 
the 
| is 
ing 


ing 


r. 
lo 





ENGINEERING. 














Ook. 24. Sgt. 


[ insist, however, that to proceed by multiplying 
them together is neither correct nor illuminating. 
Concerning the possibilities of deceiving customers 
about the capacity of breakers, I am afraid Dr. Wall, | 


FUNDAMENTAL PROBLEMS OF 
ENERGY.* 
By Dr. Hersert Cuatvey, M.Inst.C.E. 


- . (Concluded from page 305.) 
pppoe = sperm —— al THE use of water, wind or solar radiation are all | 
of propaganda work to make the ideas vehind | bound up with the problem of capital investment per | 
B.S.S. 116 generally understood, and it is more | horse-power, and the small quantity of energy per | 
difficult now to “ get away ” with tricks such as I pound of medium. The case of water-power is the | 
described in my letter than it was a few years ago. | most favourable, but even here it must be remarked | 
Anyone who sets out to give instruction in the | that a pound of water elevated to 778 ft. high has only | 
theory of power control should therefore be all the | 4" energy of 1 B.Th.U., so that, disregarding the | 
more careful not to give the impression, even if it | ficiency of application, a pound of coal corresponds | 
srroneous, that he is among the fallible | to an elevation of 1,500 miles. One ton of coal, as 
ates in 'Y ‘fi ithfully, . | heat, is equal to 1 kW year. Hence, it follows that, to | 
ours faithtully, | obtain large water-power, reservoirs need to be of | 
C. J. O. GARRARD. | great height and capacity with correspondingly large 

|costs for construction. The whole water-power 
| resources of Great Britain would not cope with more 
than a fraction of the present consumption in the iron | 
trade alone, which now uses 25 million tons of coal per | 
| sanum, equal to 30 million h.p. considered as heat. 
SCIENCE AND WORLD ORDER. Water currents are even more handicapped than 
| elevated water. A natural velocity of 32 ft. per second, 

To THE EpiTor oF ENGINEERING. | which is quite unusual, only corresponds to a free fall 
Smr,—In the leading article in your issue of| of 16 ft., so that the quantities of water which have to 
October 3, on page 272, you state that “ Science is | be —e to we reasonable apogee of Pan 
oO ste sthic. tis . | are prodigious. ind power is open e same diffi- 
not a system of ethics and it is not competent ad is wileman to to bandied tele G59 timed 


Four Oaks, 
Birmingham. 
October 17, 1941. 








| In recent years, strenuous efforts have been made to 


save coal consumption and the results may be seen in 
the steady reduction of the consumption per horse- 
| power hour. Similarly, in transmission, electric trans- 
| formation and high tension have enabled large quan- 
tities of power to be transmitted a hundred or more 
miles with comparatively small loss. The improve- 
ments in this direction are now only likely to be 
marginal and are liable to be accompanied by con- 
siderable capital investment. There is, however, still 
much scope for the betterment of small plants and the 
conversion of old inefficient equipment. Probably the 


| greatest scope lies in the actual consumption apparatus. 


There are many cases where excessive power is being 
used and could be saved by new plant, heat insulation 
and rearrangement of equipment. One of the most 
important directions in which savings should be possible 
is in motor transport. It is absurd that one-man 
vehicles should use tens of horse-power, of which the 


| principal purpose is to provide occasional acceleration. 


Apparently the real difficulty here is the lack of 
elasticity in the internal-combustion engine, and it 
may be that a cure might be found in the use of stand-by 
engines which would only come into operation when 
acceleration or hill climbing were required. 

Various attempts have been made to measure human 
power with that of machines, and the general conclusion 
is that for prolonged operations the output of a man is 
about one-tenth of a horse-power. For short periods, 
strong men can exert power nearly up to one horse- 





put forward solutions for the problem of war. . .| ter than those of water for the same power. Differ- 


Scientific men have no special responsibility for 
world order and in so far as they attempt to assume 
it they are leaving the scientific sphere. There is | 
no reason why they should not do so individually, | 
but equally there is no reason why a painter or 
musician should not.” 

These statements may be construed as deprecating 
the widening feeling that scientific men particularly 
should concentrate their attention upon the world 
economic problems constituting the genesis of war. 
It is conceded that painters, musicians, or others 
may think in true scientific manner as you suggest, 
but scientists are specially trained and experienced 
in thinking scientifically, and as such may be | 
expected to deal best with scientific problems. 

The world chaos of to-day is the result of un- | 
scientific thinking ; the thinking of party politicians, | 
of profit-seeking industrialists and power-loving | 
militarists. The world problems of to-day are | 
scientific problems—economic problems—and only | 
true scientific thinking will solve them. It would | 
seem then that scientists are best fitted to tackle 
these problems and consequently that they have | 
a special responsibility for world order. 

Yours faithfully, 
231, Rake-lane, ARTHUR FISHER. | 
Clifton Junction, 
Nr. Manchester. 
October 14, 1941. 


| 
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THe Roya. Society or Arts.—The first meeting of 
the 118th session of the Royal Society of Arts will be 
held at 1.45 p.m., on Wednesday, November 5, when the 
inaugural address will be delivered by Sir Edward Crowe, 
K.C.M.G., chairman of the council. His subject will 
be “‘ Co-operation in Production.”” On the following 
Wednesday, November 12, Mr. E. M. Rich, F.C.G.L., 


Council, will speak on ‘* Technical Education,” and on 
November 19 a lecture, on “ Lighting in War Time,’ 
will be delivered by Mr. J. S. Dow, honorary secretary of 
the Illuminating Engineering Society. On Friday, 
November 14, there will be a joint meeting with the 
East India Association, when Sir Bernard Darley, C.I.E., 
M.Inst.C.E., will speak on *“‘ The Development of Irriga- 
tion in India.”” The three last-mentioned meetings will 
also commence at 1.45 p.m. 

LIABILITIES WAR-TIME ADJUSTMENT BILL, NORTHERN 
IRELAND.—The Agent in Great Britain of the Govern- 
ment of Northern Ireland informs us that business 
people in Northern Ireland who are in financial difficulties 
as the result of the war will be able, after January 1 next, 
to obtain the advice and help of a Liabilities Adjustment 


Officer, who, under the Liabilities War-Time Adjustment | 
Bill, will be appointed by the Lord Chief Justive. The | 
object of an application to the Adjustment Officer will | 


be to enable him to arrive at an equitable and reasonable 
scheme of arrangement with the applicant's creditors, 
which scheme will enable him to carry on business or 
to recover it when circumstances permit. 
Bill, the Adjustment Officer is given power to approve 
any scheme which appears equitable and reasonable, | 
and to which the debtor and a majority of the creditors 
assent. Creditors have the right of appeal to a court 


against the approval of a scheme. 


ential heat effects, as between surface and bottom of 
sea water, or between ice and water, present some 


power or for moderate intervals, say, one-third of a 
horse-power, but for steady work with average men 





possibilities, but in all such cases the capital cost is 
very large. Solar radiation plant runs up against | 
the same problem. The space required compels the 
plant per installed horse-power to be large, and, in | 
many cases, it is as cheap to use the radiation for the 
production of fuel (wood or alcohol) as to attempt to 


and normal tasks the first figure seems about right. 


|The Taylor-Gilbreth system of “scientific manage- 


ment ’’ and “ motion study ” has shown how far this 
output can be steadily kept up, but it may be stated 
as a basic fact that, for repetitive operations carried 
out within a small space, or for pure transport, human 





transform it directly into useful heat. One method 
that the author has toyed with is the use of thermo- 
electric couples placed in the focus of solar mirrors, 
but the potential difference of each couple is so small | 
that the internal electrical resistance of the whole appa- | 
ratus is inconveniently high. There are, of course, 
certain localities where these methods can be usefully 
employed for local purposes, and in the case of water- 
power there can be no denying its complete success in 
specific areas. 

Forestry and botanical studies have shown that some 
2 ft. of rain per annum may be transpired by vegetation, 
and that the quantity of dry matter developed is 
about one-400th of the weight of the water transpired, | 
or, say, 0-3 Ib. per sq. ft. per annum, or about 6 tons | 
per acre. The calorific value of such material is | 
certainly less than half that of coal; this, then, means, | 
say, 3 tons per acre per annum of coal] equivalent. The 
total area of the vegetation surface of the island of | 
Great Britain is under 59 million acres, so that it 
appears that if the whole of the island were devoted to 
the production of fuel, the quantity would still be less 
than the present mining output. Since, in fact, | 


labour is practically valueless as compared with 
natural power. Strong excefition is taken by many 
to this soulless depreciation of human labour, but this 
is to a great extent mere sentiment ; the very people 
who argue so, use mechanical substitutes for men all 
the time. There are certain unfortunate people whose 
ancestry or training is such that they are only able 
to perform relatively unintelligent manual operations, 
and the only hope is that the proportion of this sort 
can be kept down to that required for those processes 
to which mechanical methods cannot be economically 
applied. Since the machine minder, plus the machine, 
and plus the fuel, is so largely productive, he may 
reasonably expect pay to correspond, not, as Marxians 
would imply, to the whole product, but to a larger 
wage than that of the unskilled labourer. 

Those who have read Marx’s Capital have probably 
noticed the vicious circle of argument by which, having 
asserted in the beginning of the book that the true 
value of goods is their labour content, he proceeds to 
deduce that the true reward of labour is the whole 
value of the goods. Since, in mechanical production, 
the major productive factor is the solar energy stored 
in the fuel (or water) the labourers actually engaged in 


| figures throw a strong light on the vast scale of the 
| present mining operations. 
| occupies 30 cub. ft., the present mining of 250 million | 
| tons means the excavation of 7,500 million cub. ft. of | 


Se., > E ati Office >» & >| 
B.Sc., late Education Officer of the London County | to correspond. 
] 


’| miles of coalfield is exhausted. 
| this equals 10 per cent. of the whole area of the island. 


| oil — to consider seriously the production of | 
| liquid 
| part of the coal into liquid fuel involves chemical 





| culty appears to be the enormous amount of carbonisa- 
| tion which is involved if adequate quantities of oil are 


Under the’ 


| something Eke one See Se SHES nee & Sinwtas to | co-operating with nature can only have a claim on 
| on and areata bp meh ey apes ap pene: hot aoe in so far as they share with the rest of 
on the remaining land more than 75 million tons, an ; - ‘ é ; 
the labour required would greatly exceed that engaged | thetjnation O° he World ts ¢ whol Pos cll 
| in mining the present 250 million tons of coal. These | provided to utilise that energy. In other ann & the 
. |famous Marxian “surplus value”’ in modern times 
es tn oS one coal | derives from natural pl and technical skill, and 
not, as Marx implies, from the labour of the work- 
: tate | people themselves. 
ame qnemmeus quuntiiy litres diese cn- | a of the most absurd features of coal consumption 
If the total thickness of the coal beds | at the present time is the domestic fire in all its forms, 
averages 10 ft., this means that each year some 25 square | pm apedtag: way apa of A cveguae’ Pad nngenr 
in 300 years’ time of coal. In the case of gas, there is still loss due to 
The higher calorific value of oil, the ease of its | ‘he heat carried off by chimneys and in the cooling 
manipulation, the higher efficiency of the internal- | Shs wee prodectier and the en = a? 
combustion engine and the weight of boilers or gas Gas cable about 8 Ib. per cet andl o tom of gas 
producers has compelled those nations lacking internal | costs about 151. With electricity there are enormous 
| losses of heat between production and consumption 
| which are represented in the high unit cost. 
The only heat which the ordinary coal fire gives 
| off is the radiation from the flames or from the red-hot 
coal. It is doubtful if as much as 25 per cent. of the 
| heat in the coal is utilised. To feed the combustion, 
| cold air is allowed to stream into the room, so that 
| those facing the fire have on their backs cold draughts, 
| the only virtue of which is that they change the air in 
the room. Very often the ges in and above the 
fire are shaped so that back eddies lead to ** smoking,” 
while the initial acceleration of the cold air in the 
| chimney when lighting the fire may provide a daily 


to be obtained. It seems probable that the best course | “Mtertainment of the same kind. Add to this the dust 


will be to use gas producers for as much as is possible | Produced when the fire is disturbed, the handling of 
of the land plant which is now operated by fuel oil, | the fuel, the fluctuations of the heat, cleaning out and 
leaving the latter for marine and aerial use. | relaying the fires, the large consumption of paper and 
| wood for lighting them, and the whole business is 

* Chairman’s address to the Junior Institution of | technically contemptible. 
Engineers. December, 1940. Abridged. It is perfectly obvious that in any fire, whether coal 


coal. 
pansion, since it demands road and shipping services 





uel from coal. The conversion of the major 

rocesses which absorb far more heat than is recoverable. 
Speaking broadly, it appears that about four times as 
much coal is required as is converted and the capital 
investment is very large. This result seems practically 
inevitable and the only sound conclusion appears to be 
that low-temperature processes are preferable, although 
they involve the use of much larger quantities of coal 
to produce the same quantity of oil, leaving the bulk | 
of it in the form of non-volatile fuel. The main diffi- | 
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or gas, which is to be used for heating, two features 
are required which are practically unknown :—(1) An 
intake from the outer air which will feed as much air 
as is required under the grate, so that draughts can be 
reduced to a minimum; (2) a deyelopment of the 
exhaust from the fire so that a large heating surface 
can be obtained for the salvage of the heat in the flue 
gases. The latter effect is achieved to some extent in 
the enclosed stove burning hard fuel, but even in this 
case a great deal of heat goes up the chimney which 
could be saved by developing the chimney into a large 
radiator. On the Continent porcelain or metal stoves 
with very large surfaces are used, and as these are 
often stoked through a wall, draughts in the room to 
be heated are also avoided. The Russian stove, which 
is a chimney breast containing a flue which runs up 
and down from top to bottom several times, acts in a 
similar way, but the temperature strains are trouble- 
some and the heat is not always distributed to the best 
advantage. It would probably be equally cheap to 
put in central heating. The simplest arrangement seems 
to be to have an enclosed metal stove, with a trans- 
parent front, near to an outside wall through which the 
air feed can be taken by a pipe ; and the exhaust 
chimney arranged to cross the room or go round the 
cornice to a flue on the other side, the chimney being 
provided with fins or other means of increasing the 
radiation surface 

Gas stoves have the enormous advantages of clean- 
liness, ease of control and high radiation fraction, but 
even with them much heat goes up the chimney unless 
the latter is kept within the room, by extension and 
ramification, until the gases are cooled down. At, say, 
8d. per therm, the cost of gas is ld. per pound, as 
compared with, say, }¢. a pound, or a little more, for 
coal or coke, so that for continuous heating the solid 
fuel is usually cheaper. If the gas can be obtained 
at a lower flat rate, the higher efficiency of the ordinary 
gas fire as against the ordinary coal fire, combined 
with the labour saving in cleaning, etc., may make it 
nearly as cheap. 

Since one therm is about 30 kWh, or Board of Trade 
units, even at Id. per unit the cost of electrical heating 
is 2s. 6d. per therm. The cost of generation and distri- 
bution of electrical current is well over Id. per unit, 
so that it is only load-factor considerations which 
enable a low price to be given. It is true that an 
electric radiator needing no chimney can convert all 
its heat into a useful form, but with gas at 8d. per therm 
and an efficiency of only 25 per cent., the two are 
equal in cost, and there is practically no prospect of 
electric heating being made any more efficient. 

Nothing need here be said about central heating by 
water or steam, or hot-air systems, since these are 
usually designed on engineering principles, although 
it may be shrewdly suspected that even in these a 


considerable amount of heat goes up the shafts and ‘ 

















could be saved by running coils round or in them. 
As to the fuel itself, having regard to the value of 
the by-products, it is probable that semi-coke or 
coke itself is preferable to raw coal as well as producing 
less smoke and soot. There is considerable scope in the 
matter of design for the easy removal of ashes from 
domestic fires, automatic stokers, draught and chimney 
control, soot cleaning, flue design, wind cowls, lighting 
devices and position of coal bins. In other words, 
the domestic hearth is a matter for engineering skill. 








SHELTERS FOR AMMUNITION- 
PROVING GROUND. 


Ix order to study the explosive effects of new types 
of ammunition, the United States War Department 
has recently constructe d a series of bom b- proof she Iters 
on the Jefferson Proving Ground, Madison, Indiana. 
These are occupied by observers who, from them, are 
able to witness, and report on, the difference in the 
destructive qualities of explosives being produced by 
the new Army Ordnance Plants. There are 19 recovery 
and observation fields in the proving ground. 
have ranges varying from 3,000 yards to 16,000 yards, 
so that all sizes of ammunition can be tested. 

The shelters, which are illustrated in Figs. | and 2 
on this page, are of unusually heavy construction. As 
will be seen, they are hexagonal in plan, the outside 
dimensions being 7 ft. by 8 ft. They are built of re- 
inforced concrete with walls varying from 12 in. to 
IS in. in thickness. The roof, which is reinforced with 
steel joists, is 18 in. thick. The only entrance is through 
a steel door constructed from 8 in. boiler plate. Obser- 
vation is made through a } in. slot in the front of the 
shelter. This is formed at the inner side of the wall 
and at the back of a series of metal ridges gradually 
stepping down from the larger outer dimension of the 
opening. The purpose of this arrangement is to 
deflect any shell fragment which may strike the 
opening away from the central slot. Further to 
protect the observer, in the unlikely event of a frag- 
ment entering the slot, this is covered on the inside 
by a sheet of multi-plate bullet-proof glass, 1 in. in 
thickness. A rubber cushion is interposed between the 
glass and metal. The observation slot, placed at 
observer height, is clearly shown in the view of a com- 
pleted shelter in Fig. 1. Before the structure is put 
into use it is buried in sand, rock and earth in the 
manner shown in Fig. 2, the upper part of the front 
side with the observation slot being left free. Trees 
or other obstructions have been cleared from the 
front of the shelters so that the observers have an 
uninterrupted view of the fall of the shells and their 
effects. The photographs from which Figs. 1 and 2 
were prepared were furnished by the United States 
Army Signal Corps. 


These 
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SYNTHETIC ADHESIVES FOR 
PLYWOOD AND BAKELITE. 


THE increasing use of plywood and the stringent 
conditions governing its manufacture for certain pur 
poses has resulted in a considerable amount of research 
work on the synthetic adhesives now so largely dis 
placing natural glues. An interesting adhesive has 
just been put on the general market by Messrs. Aero 
tesearch, Limited, Hinxton-road, Duxford. This is 
a modified urea-formaldehyde glue which is applied 
not in the ordinary liquid state, but in the form of a 
foam of about the same consistency as the lather 
from shaving soap. The basic principles underlying 
the new application are, firstly, that the glue can bx 
used with thin veneers without producing excessive 
wrinkling or causing overlaps in the cores and, secondly 
that a very uniform spread is obtained with resultant 
economy. Under ordinary workshop conditions it is 
possible, in fact, to spread 1-35 ib. of glue over 
100 square feet. The volume of the liquid glue is 
about doubled by passing it through a beater machine 
which is, in essentials, not unlike an enlarged egg 
whisk, and then pouring it into the spreader. After 
passing the rollers of the spreader the foam is allowed 
to dry, which it does very rapidly. A press tempera 
ture of only 90 deg. C. is required for setting, this low 
temperature allowing presses heated with hot water to 
be used and eliminating risk of over-heating the wood 
The new glue is known as Aerolite F 67 and gives ply 
wood meeting the requirements of the B.S.S. 5.V.3 
specification 

A second adhesive developed by Messrs. Aero 
Research, Limited, is known as Ardux I and is intended 
for use in welding together fully-cured Bakelite mate 
rials. It has been in practical use for some two years. 
The strength of the joint obtained is usually greater 
than the shear strength of the Bakelite material. 
Obviously, since it makes effective welding practical, 
analogous operations to the so-called ‘ fabrication ” 
of steel are possible. Thus, for example, instrument 
panels and similar constructions which do not readily 
admit of moulding can be built up from flat laminated 
sheets and bosses and other projections can be attached 
securely wherever desired. A moderate pressure only 
is needed, but the completed joint should be baked at 
a temperature of at least 140 deg. C. for 8 min. The 
surfaces to be joined do not require roughening, the 
adhesion being quite satisfactory with * shiny” sur- 
faces. The adhesive is easy to apply, the surfaces only 
needing to be covered with a thin uniform layer, and 
allowed to become tacky before the pressure is applied. 
Flat sheets can be joined very rapidly by clamping 
them to a flat steam-heated table. Both the plywood 
adhesive and the Bakelite adhesive are distributed by 
Messrs. J. M. Steel and Company, Limited, Kern House, 
36-38, Kingsway, London, W.C.2. 
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SMALL-PART STORAGE 
EQUIPMENT. 


Tue old-fashioned wooden or metal bins for the 


storage Of small parts in common demand, such as | 


bolts and nuts, sleeves, bushes, etc., not only require 
a good deal of space, but involve considerable mowe- 
ment on the part of the storekeeper or other person 
concerned. Both these objections are eliminated by 
the use of the stacks of rotating sub-divided trays 
shown in the accompanying illustration. The device, 
manufactured by Messrs. Tangyes, Limited, Cornwall 
Works, Birmingham, and given the trade name 
Spin-a-bin,” is almost self-explanatory from the 


illustration, but it possesses a degree of flexibility which | 


may not be apparent. Three sizes of tray are available, 
viz., 24 in., 30 in, and 36 in. in diameter, respectively, 
all three sizes being shown arranged on the centre 


post. The assembly, however, may consist of one of the 
sizes only, or any desired combination of sizes. More- | 
over, the height of the assembly can be varied. Thus, 


the post can be supplied to take four trays, five trays 
or six trays, the total heights, measured from the floor 
to the top of the post being 3 ft. 5 in., 4 ft., and 
4 ft. 9 in., respectively. Since the trays rotate freely 
on the post and each is divided into four compartments, 


1 large number of different parts can be stored in one | 
The assemblies, moreover, are very @cono- | 


assembly, 


mical in floor space ; for example, they can be set 

















along a wall, when every tray division is 
or they can be arranged in groups as most 
convenient. An example of grouping would 
he eight assemblies, arranged in two rows of three with 
a row of two between them, staggered in plan, every 
one of the 192 compartments thus available being 
readily accessible. 

It is not possible to give more than an approximation 
of the storage capacity in terms of weight, on account 
of the wide variations in bulk of the parts stored, but 
a 24-in. tray will hold about 2 ewt., a 30-in. tray 
about 34 cwt., and a 36-in. tray about 5 ewt. The 
trays and the base to which the centre post is attached 
are of good quality cast iron. The centre post is of 
mild steel turned in steps for each tray, each step 
supporting a split collar which fits into a recess bored 
in the tray above. This arrangement provides easy 
and smooth turning of the tray, tilting of which is 
prevented by the long sleeve in its centre. The base 
has three holes for bolting it to the floor and the post 
is provided with an eyebolt for lifting purposes. The 
two larger sizes of tray have an attachment to which 


line 


accessible ; 


in 


such 


loose partitions can be secured if further subdivision | 


than is provided by the four integral partitions is 
desired. Clips may be secured to the partitions to 
hold cards recording the state of the stocks. Apart 
from its utility in the works stores, the * Spin-a-bin ” 
would appear likely to be of service in the gangways 
between machine tools or for display purposes in show- 
rooms. Messrs. Tangye are also now manufasturing 
five-tier cantilever storage racks of cast iron for the 
storage of long tubes and light sections. The racks 


can be bolted to a wall or arranged back to back. 


|any exceptional treatment as citizens. 


| skilled labour to the jobs that have to be done. 
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| LABOUR NOTES. 


THE executive council of the National Union of 
Railwaymen submitted the organisation’s claim for a 
minimum basic wage of 60s. a week, irrespective of the 
war wage advances already obtained, to the staff com- 
mittee of the Railway Executive Committee at a meet- 
|}ing in London on Wednesday last week. It was 


not be maintained in health and decency on a smaller 
weekly wage than 60s. There were, it was stated 
| between 150,000 and 160,000 railway workers whose 
| wages were less than 60s. a week. The companies’ 
| representatives undertook to report to the Railway 
Executive Committee which is empowered by the 
Minister of War Transport to exercise authority under 
the Government’s control of the railways. 


In September, the home-branch membership of the 
Amalgamated Engineering Union increased 
500,399 to 509,091 and the Colonial-branch membership 
from 47,507 to 49,352. The number of members in 
receipt of sick benefit. decreased from 4,328 to 4,303 
and the number of superannuated members increased 
from 13,259 to 13,275. The number in receipt of 
donation benefit decreased from 358 to 230 and the 
total of unemployed members from 1,859 to 1592. 


In addition to the Amalgamated Engineering Union 
the National Union of Vehicle Builders, the National 
| Union of General and Municipal Workers and the 
| Transport and General Workers’ Unions are parties to 
| the agreement recently negotiated with the Motor 
Agents’ Association Limited. The agreement applies 


to four grades of male workers, viz., skilled craftsmen | 


who can undertake all major and general repairs to 
motor vehicles without supervision, semi-skilled men 


who can undertake most repairs but under supervision, 


workers employed in repair shops not specified in 
these two categories, and apprentices, boys and youths 
under 21 years of age. The wage rates for skilled 
craftsmen are Is. 9$d. an hour in the London area and 
ls. 84d. an hour in the provinces, for semi-skilled men 
ls. 74d. an hour in the London area, and 1s. 64d. an 


hour in the provinces and for other workers 1s. 53d. in | 


The | 


the London area and Is. 4}d. in the provinces. 
percentage of the skilled wages for apprentices range 
from 30 at the age of 16 to 65 at the age of 20. The 
working week is one of 48 hours. 

Mr. Tanner states, in the October issue of the Amal- 
gamated Engineering Union’s Journal, that on Sep- 


tember 24 members of the executive council presented | 


to representatives of the Engineering and Allied 
Employers’ National Federation several claims based 
of the National Committee. 
Limitations of overtime to six hours a 


decisions 


on 
included 


week for apprentices under 18 years of age and the | 
| inclusion of all hours worked over 47 a week in com- 


puting apprenticeship periods. (2) An increase in the 
base rate and the establishment of a national standard 
(3) The calculation, on night shift rate, of all 
(4) The payment of 


rate. 
overtime worked on night shift. 
wages during working hours. 
from employment be first discussed with union repre- 
sentatives. Sir Alexander Ramsay, Director of the 
Federation, stated that the applications would be con- 
sidered and a reply given at a later date. 


The whole of the editorial notes in the October issue 


devoted to an examination of the man-power problem. 
In his conclusions, the writer says :—* We want it to 
be clearly understood that in our observations on the 
Government's man-power policy, we are animated by 
no hostile feeling towards any Minister or any Depart- 
ment. 
Our agree- | 
ments, as a union, made prior to and following the | 
outbreak of the war, demonstrate our willingness to | 
co-operate in every measure calculated to achieve the 
ends in view, whether as regards dilution of labour, 
relaxation of established practices or the allocation of 
We 
do not suggest or contend in any way that skilled men 
belonging to our group of trades or members of our 
organisation can “contract out” of the common 
obligation lying on all men of military age and fitness | 
to serve in the Forces.” 

“ What we do contend for,” he goes on to say, “ and | 
it is elementary common sense, is that men of skill, | 
experience and craftsmanship shall be employed in the | 
best possible way and their scarce qualifications not 
wasted by maldirection of their service. We contend 
that when women are being taken into industry by | 
the million—and in some essential occupations of the | 
highest importance it is being authoritatively said that | 
the proportion of women to men, where men predomin- | 


‘ ate, must be literally reversed—it is necessary to remem- | 





argued in support of the proposal that a family could | 


from | 


These | 


} 
es 
(5) That all dismissals | show how keen and earnest the membership is on the 
| vital question of production.” 


| 
of the Amalgamated Engineering Union's Journal are | 


| 
| 
We do not, moreover, claim for our members | 


| 

| ber all the time that instructors are required to train 
| the substitute women and to produce the machine tools 
| from which they work. That requires skilled workers. 
| We want to be assured that there are sufficient skilled 
| workers left in industry to produce the machines and 
| the tools, to operate the skilled processes and to 
instruct the less skilled.” 


| “And we want further to be assured,” he continues, 
| that . “a close and systematic check is kept 
|upon the productive trades to ensure maximum use 
|of skilled labour reserves and 100 per cent. employ- 
ment of productive capacity. Effective machinery 
can, we believe, be set up, by the unions and the 
managements in these trades on a regional basis, linked 
with the regional production boards, the capacity 
clearing centres and the national joint advisory boards 
connected with the production executive; and the 
ministries concerned, to keep check on production 
difficulties on an entirely practical basis. We are not 
thinking here of matters of policy, but of the day-to- 
|day snags, muddles and bottlenecks which impede 
production. We are thinking of those problems of 
| management and workshop organisation, of transport 
| complications and local distribution of materials—and 
|contracts and orders and deliveries—upon which, 
| though we say it, trade union officials know as much of, 


|} and sometimes more than, managerial persons. This 
junion offers co-operation on these matters. Our 
motives ought not to be called into question. We have 


no ulterior end-in view. Our sole object is to speed up 
and maximise war production, and to see that scarce 
skill is not wasted.” 


The Secretary for Mines stated in the House of 
|Commons last week that during the first 40 weeks of 
|the current year, 712 were killed and 2,208 seriously 
injured in accidents at mines, compared with 719 
killed and 2,475 seriously injured in the corresponding 
period of 1940. The number of fatal accidents at the 
coal face was causing much concern. Experienced 
inspectors of senior rank would soon begin, Mr. Grenfell 
added, to devote their time to the problems involved. 


The executive council recently laid it down that no 
| member of the Amalgamated Engineering Union could 
| attend, in any representative capacity, the conference 
|on production called by the “ Engineering and Allied 
| Trades Shop Stewards’ National Council.” The execu- 
|tive council of the National Union of General and 
Municipal Workers have taken similar action. Mr. 
Dukes, the general secretary, stated last week that it 
|had been officially decided that no one had any 
|authority to attend the conference on behalf of the 
lunion. In a reference to the production inquiry 
carried out by the executive council of the Amalga- 
mated Engineering Union, Mr. Tanner says, in the 
| October issue of the organisation’s Journal :—* Execu- 
tive council desire to thank the members for their 
interest and active co-operation. The informa- 
tion sought was supplied with dispatch and discrimina- 
tion and the quantity and quality of the replies received 


Writing in the Railay Review. Mr. Marchbanks, 
general secretary of the National Union of Railway- 


|men, and a member of the Trades Union Congress 


General Council, expressed the opinion that while the 
pressure to build up a great army was at one time 
understandable, the central factor now was that war 
production must be enormously expanded and speeded 
up if Russia were to get any real help. Mr. Bevin 
complained, Mr. Marchbank said, that everyone told 
him where he could not get men for the Armed Forces, 
while nobody suggested where he could get them. 
A legitimate retort to that might be, he claimed, that 
he had already exhausted the reservoir of man power. 
If the Minister was going to drain industry’s last 
reserves, “ will he tell the war trades and essential 
services how they are to carry on ?” 


After a meeting, last week, of the executive committee 
of the Mineworkers’ Federation of Great Britain, Mr. 
Ebby Edwards, the secretary, stated that it was 
proposed to strengthen the Essential Work Order 
with the object of dealing with unjustifiable absenteeism 


| * We are agreed,” he said, “ that the Order should be 


amended so as to give the National Service Officer 
authority to take immediate action against men 
deliberately lying idle.” 


It was claimed in a case submitted to the Industrial 
Court that women process workers in Government 
explosives factories should be paid men’s rates. The 
award of the Court was to the effect that where women 
did the work without assistance or supervision, they 
should be paid rates ranging from 71s. to 86s, a week. 
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THE EFFECT OF ANTIMONY ON | hardening and confirm those which showed that there | material annealed for 1 hour at 450 deg. C., from 
MAGNESIUM.* | is little solid solubility of antimony in magnesium. | 31 to 34; and that for material annealed at 350 deg. ¢ 

| Mechanical Properties of the Chill-Cast Alloys.—The | for 8 hours, from 35 to 38. Corresponding values for 

By Proressor W. R. D. Jongs, D.Sc., and L. Powexi, | magnesium used for melting was in the form of 1 in. | the longitudinal sections ranged from 46 to 49; from 
B.Sc. | diameter cast rods which had the following analysis : | 39 to 42; and from 39 to 43, respectively. In the case 
: . silicon 0-026 per cent., iron 0-046 per cent., and | of the cast bars the indentations on the cross-section 
Ir is now more or less established that the only | manganese 0-012 per cent. ; zinc, copper, and lead nil ; | were always more irregular than those on the longity. 
metals which may be added to increase the mechanical |remainder magnesium. The antimony was added in/|dinal section, which were fairly square in outline ; 
properties of magnesium are those which form solid | the form of a hardener alloy containing 20 per cent. | they also showed greater rumpling of the surface which, 
solutions. Hume-Rothery has shown _that solid antimony. The magnesium rods were melted in a| however, may be due to the lower hardness. It was 
solutions cannot be formed to any extent if the differ- bottom-pouring steel crucible which had a tightly | thought that the differences might have been due to 
ence between the atomic diameter of magnesium and fitting lid carrying a stirrer and a steel thermocouple | micro-porosity or micro-shrinkage giving low values. A 
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that of the added metal is more than about 14 per cent. | 
One of the metals coming within this limit is antimony, 
some of the characteristics of which show a certain 
similarity with those of magnesium. Unfortunately, 
antimony forms a compound with magnesium which 
has an embrittling effect. No evidence has been pub- | 
lished, however, that antimony does not form a solid | 
solution with magnesium, and if antimony does go | 
into solid solution, even to a very limited extent, | 
useful alloys may be obtained. 

In recent years attention has been drawn to the/| 
antimony-magnesium alloys by Peredelsky, who stated | 
that they were relatively stable in air and had satis- 
factory casting properties. A maximum tensile | 
strength of 10-4 tons per square inch was obtained | 
with 0-23 per cent., and a maximum elongation of 
13-1 per cent. with 0-09 per cent. antimony. Accord- | 
ing to Peredelsky addition of antimony increases the | 
hardness rapidly and the resistance to corrosion by 
soft water considerably, and it sharply increases the 
resistance to corrosion by sea water. The alloys can| 
be extruded comparatively easily. Forged alloys | 
with up to 0-34 per cent. antimony have a tensile | 
strength of up to 16-8 tons per square inch with an | 
elongation of 3-5 per cent. Alloys with 0-1 per cent. 
to 0-23 per cent. were recommended for industrial | 
use. In the United States, McDonald included some | 
experiments with antimony-magnesium alloys in a 
general investigation on the tensile properties of rolled | 
magnesium alloys and found that, in agreement with 
Peredelsky, a few tenths per cent. seemed to be of some 
benefit, but that more than this amount produced too 
much brittleness to make the element of any value for 
sheet alloys. In the present investigation experi- 
ments have been conducted to determine (a) whether | 
antimony forms a solid solution with magnesium, and | 
(6) the effect of antimony on the mechanical properties | 
of magnesium. | 

Constitution.—The antimony-magnesium diagram has 
been investigated in Germany by Grube and by Grube 
and Bornak. In the later work the least amount of | 
added antimony was 5 per cent. and this alloy melted | 
at 638 deg. C., but the average melting point of the | 
eutectic was taken as 629 deg. C. No solid solubility | 
was reported. In the neo work the liquidus and | 
solidus temperatures of a number of alloyst with a} 
relatively low antimony content were determined in a 
manner similar to that described previously.{ On|! 
examination under the microscope each alloy, after} 











polish attack with “Silvo” and 2 per cent. alcoholic | amounts, up to 1 per cent., caused an appreciable | 


sheath. “Elrasal”’ flux, previously fused and in| 
amount equal to about 2} per cent. to 3 per cent. by 
weight of metal melted, was used. During the whole | 
of the melting operation the bath was controlled as to | 
time and temperature., The metal was teemed into | 
a group-casting iron mould the temperature of which | 
was about 450 deg. C. By this means a group of five | 
ingots of 1 in. diameter and 8 in. length was obtained, | 
each ingot of which should have been identical with all 
the others. Two heat-treatment procedures were 
adopted: (1) the cast bars were placed in an electric 
muffle furnace automatically controlled at 450 deg. C. 
and maintained at this temperature for 1 hour, after 
which they were withdrawn and cooled in air; (2) the 
cast bars were placed in the electric furnace automatic- 
ally controlled at 350 deg. C. and maintained at this 
temperature for 8 hours and then the current was 
switched off and the bars allowed to cool down with 
the furnace to the ordinary temperature. The tests 
were not carried out until at least four days had | 
elapsed after the machining of the specimens. The | 
results of the tests on the as-cast bars are given in| 
Table I. 





TaBLE I.—The Tensile Properties of 1-in. Diameter 
Cast Bars. 


| 
0-1 Per | 





Antimony, | Cent. Proof a Elongation | Reduction 
Per Cent Stress, Tons per Per Cent. | of Area, 
7 Tons per ; on 2 in Per Cent 
, sq. in. | 
sq. in. j 
' 
- - — | 
nil 1-2 | 6-9 7 64 
trace j 1-2 6-8 | 
0-32 | 1-3 6-3 6 5 | 
0-34 |} 1-3 6-3 6 5 
0-45 | 14 0 6| 6-2 6 a 
0-59 1-5 | 6-2 54 5 
0-66 1-5 6-2 54 | 4 | 
0-84 1-6 6-0 5 5 | 
1:04 8] 1-7 5-8 | 5 44 
1-74 1-3 5-4 43 4 | 
2-14 } 1:8 5-3 | 4 34 
2-58 | 1-9 5-2 | 4 3 
3-38 2-0 5-0 | 4 | 3 | 
3-98 2-2 5-0 4 3 
4-09 | 2-3 4-9 4 3 
4-32 2-3 8 | 34 3 
4-95 2-6 | 4-7 3 3 





uniform increase in the proof stress, but that small 


From Table I it is seen that antimony caused a slight | _ 


nitric acid, showed that the compound Mg,Sb, was | decrease in tenacity, and beyond this amount the rate | 
present in the form of pale dove-grey particles. A | of decrease was less. Similarly the elongation and the | 
eutectic structure was formed when the antimony | reduction of area were noticeably decreased by the 
exceeded more than about 1 percent. After annealing, | addition of antimony, but the decrease continued up 
the compound was not connected with the grain | to about 1-5 per cent., after which an increased amount 
boundaries and was globularised. Particles of com- | (up to 5 per cent.) caused little further change. Anti- 
pound were present in all the alloys after annealing | mony refined the grain of magnesium and 0-5 per cent. 


at temperatures of from 300 deg. up to 500 deg. C. ; after | 
annealing at 550 deg. C. for one week there was no| 
trace of compound in the alloys containing 0-104 per | 
cent. and 0-17 per cent. antimony, but it was definitely | 
present in the alloy containing 0-26 per cent. There- | 
fore it can be stated that from the results of these 
experiments the solid solubility of antimony in mag- 
nesium is less than 0-1 per cent. at temperatures up to 
500 deg. C. and less than 0-2 per cent. at 550 deg. C. 
Various ageing experiments were carried out on 
sections of 1 in. diameter bars by giving them a solution 
heat-treatment at temperatures up to 550 deg. C. 
for 24 hours followed by quenching in water. The 
same specimens were tempered at li} deg. C. for 
8 hours and cooled in air. Hardness tests were mate 
before and after treatment on a Firth variable-load 
Hardometer using a diamond indenter and a load of 


almost completely removed the coarse radial fracture 
of magnesium. With the addition of 2 per cent. to 
3 per cent. the fractures became dry and dull, resembling 
those of grey cast iron. The results obtained after 
annealing chill-cast bars at 450 deg. C. for one hour 
showed that, on the whole, the effect of the treatment 
was negligible. This was not surprising when it is| 
remembered that the mould temperature was high | 
and that the whole melting operation was controlled 
carefully. Annealing at 350 deg. C. for 8 hours caused 





an improvement in the tenacity but reduced the duc- | — 


tility ; here again, however, the effect was slight. } 
Summarising these results it can be stated that there | 
is no advantage in adding antimony to magnesium for | 
casting alloys—the only property which was improved | 
was the proof stress and this improvement is probably 
not commensurate with the increase in density caused | 





5 kg.§ sustained for 30 seconds. The test results| by the addition of antimony. Several other metals | 
proved that the alloys are not susceptible to age-| when added to magnesium will give casting alloys with 
--— — much better mechanical properties. The hardness 

* Paper presented to the Institute of Metals for| values were determined with a Firth variable-load 
written discussion. Abridged. 7 Hardometer using a diamond indenter and a load of 

t Pure redistilled magnesium guaranteed to be 99-99/ 5 kg. imposed for 30 seconds. The values were deter- 
per cent. magnesium, and commercially pure antimony, | mined on cross-sections and on longitudinal sections 
with arsenic guaranteed not to exceed 0-02 per cent.,| prepared near the outer surface of the bars. The | 
were used in making the alloys. | effect of antimony on the hardness in all the conditions 

t See Jl. Inst. Metals, vol. 46, page 395 (1931). treated was found to be slight. 

§ The use of a larger load with a diamond or ball| The differences in the hardness values of the cross- 
indenter will give, in the case of magnesium and many | section and those of the longitudinal sections were 
of its alloys, a very imperfectly shaped impression| pronounced and outside the limit of experimental 
which is difficult to measure and may lead to incon-|error. The values determined on the cross-sections 
clusive figures. ‘of the as-cast bars ranged from 30 to 34; that for 











critical examination under the microscope revealed no 
porosity and little shrinkage, while the lowest hardness 
values for any section were not necessarily in any position 
where this might have been expected. The macro. 
structure revealed a difference in grain-size between 
the cross-section and the longitudinal section, and it 
may be concluded that the great differences in the 
values were due to a difference in the orientation of the 
crystals. There is a difference in grain-size as shown 
up on different sections, since a longitudinal section 
near the surface of a radially columnar bar will show a 
small grain-size, while a transverse section or axially 
longitudinal section will show a coarse grain-size. 
Annealing for one hour at 450 deg. C. lessened the 
differences by increasing the values on the cross-section 
as well as decreasing the values on the other section 
This was borne out by the microstructure which was 
more uniform while the grains were equiaxial; the 
macrostructure was not altered to any extent. Annea! 
ing for 8 hours at 350 deg. C. lessened the differences 
still more. 

Rolled Alloys.—Ingots for rolling were produced by 
the same method as that used for chill-cast bars. The 
alloy was teemed into a vertical cast-iron mould of 
1} in. internal diameter, having a runner of } in. 


| diameter along the whole length of the ingot mould and 


connected to it by a narrow gate which also ran the 
whole length of the mould. This enabled an ingot 
with a good surface to be produced with little if any 
depression on the top due to piping, because all con- 
traction was confined to the runner. The ingots did 
not require machining before rolling, which was carried 


|out in a three-high, 24 in., non-reversing mill using 
|a rolling speed of 60 ft. per minute. 


The rolls were 
preheated to about 80 deg. to 90 deg. C. The ingots 
were heated for 1 hour at 450 deg. C. and then rolled to 
j in. diameter, care being taken not to force the reduc 

tion; the bars were given frequent intermediate re- 
heatings at 450 deg. C. The mechanical properties 
were determined in the “as rolled” condition, after 
annealing at 450 deg. C. for 1 hour and cooling in air, 
and after annealing at 350 deg. C. for 8 hours and cool- 


| ing slowly in the furnace. 


Table II gives the mechanical properties of the bars 


| as rolled, from which it can be seen that the addition 


TABLE II.—The Tensile Properties of Rolled Bars. 





| 0-1 Per Ultimate . 
Antimony, | Mt, Proof} "stress, | Elongation | Meteea 
Per Cent. | Tons per | ae Per Cent. | Per Cent 
sq.in. | _— | | 
| 
: eames “ — 
nil | 6-9 12-3 | 54 | 64 
0-16 7-4 12-4 | 3 3 
0-65 7-5 12-5 2¢ if 
2-07 7-6 12-0 } 1 1 
3-39 8-0 14-1 | 1 | 2 











TABLE III.—The Tensile Properties of Rolled Bars 
after Annealing at 450 deg. C for 1 Hour. 


0-1 Per 








Cent. Proof| Ultimate | Elongation | Reduction 
Antimony, | “Stress, Stress, | on 2 in., of Area, 
Per Cent. | Tons per Tons per Per Cent. Per Cent. 
| 8q. in. sq. in. 

nil | 6-7 11-5 | 34 4h 

0-16 6-8 11-6 | 3 | 34 

0-65 7-9 12-1 2 3 

2-07 7-9 11-7 1} 7 

3-39 7-7 11-5 1 1 





of about 0-5 per cent. of antimony increased slightly 


| the proof stress and ultimate stress, but decreased the 


elongation and reduction of area figures. The addition 
of further antimony decreased ductility but without 
impairing the tensile properties. The mechanical 
properties of the low-antimony alloys were not im- 
proved by annealing at 450 deg. C. for 1 hour. (Table 
III). Similar results were obtained after annealing at 


| 350 deg. C. for 8 hours. (Table IV opposite). This an- 


nealing treatment was not beneficial for magnesium, but 
caused an all-round slight improvement in the case of 
the alloys—an improvement which was particularly 
noticeable with alloys containing more than about 
0-5 per cent. antimony. The effect on the fractures 
of the tensile test-pieces of the addition of antimony to 
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GENERAL OBSERVATIONS ON 
VIBRATION.* 


By J. CaLDERWoop, M.Sc. 


| 
magnesium was to decrease the coarseness, and with ! 
more than about 0-5 per cent. addition the fractures 
became ‘‘ dry,” losing all silkiness, and were similar 
to those of cast iron; they were readily tarnished on 
exposure to the atmosphere. The fractures of bars 
with the same antimony content were not affected; Many engineers have been rather afraid of the sub- 
much by heat-treatment. ject of vibration, because most papers and books that 

The differences of hardness of cross-sections com-| have been published have rather hidden the practical 
pared with longitudinal sections are not the same as | considerations under a mass of mathematical expres- 
those for the cast alloys. The pronounced differences | sions. This has left an entirely false impression that 
of hardness of the cast alloys had disappeared when the all vibration problems involve the use of very advanced 
ingots were rolled. Rolling broke up the large columnar | mathematics. It is true that the mathematics involved 
crystals, and recrystallisation—which at the rolling tem- | in calculating in detail the motion of vibrating bodies 
perature was taking place at the same time as the | under all conditions is somewhat complex, but so far 
deformation—produced a material with relatively small, | 48 the practical solution of most engineering problems 
fairly equiaxial grains, thus making the material | is concerned, the mathematics involved is essentially 
isotropic. very simple. 

Essentially, the vibration problems which the 
engineer has to solve are divided into two main classes : 
(1) those in which a purely mathematical calculation 
with a minimum of empirical assumptions will give 
reasonably accurate estimates of the critical speeds ; 


TABLE 1V.—The Tensile Properties of Rolled Bars 
after Annealing at 350 deg. C. for 8 Hours. 





0-1 Pe . 
—_ Proof oe Klongation | Reduetion | and (2) the problems where the structure involved is 
Per Cent Stress, Tons per | 002 in., of Area, | so complex that, while a mathematical expression can 
— sq. in Per Cent. Percent. | be used as the basis for calculation, empirical assump- 
. tions and constants must be introduced to get reason- 
F : ee ably accurate results. The commonest example of the 
nil 4-2 11-4 34 ‘ former type arises in the torsional vibration of engine 
at :.. . ; 24 ; and shafting. For this type, all the principal modes of 
2.07 8-6 13-0 » 2 natural free vibration can be calculated within an 
$-39 79 13-4 TF) 24 accuracy of 2 per cent. to 5 per cent. without empirical 


assumptions of any major consequence, and by simple 
mathematical methods. 

Corrosion Tests.—The corrosion-resistance of the A typical instance of the second type of problem 
alloys was tested by a three weeks’ salt-water mist test. | arises in the vibration of a ship’s hull. A structure so 
Dises 4 in. thick were prepared from rods of 0-8-in. complex must have a large number of different modes 
in diameter. The surface of the specimens was as “fine of vibration, and its complexity makes almost im- 
machined " and substantially smooth. For the pur-| possible the exact mathematical calculation of even the 
pose of degreasing before exposure they were rubbed | more important of these. As a result, the best that 
lightly with magnesium oxide on wet cotton wool, then | we can hope to do is to base a method of calculating the 
washed in water, dipped in acetone, and finally dried.| more important criticals on purely mathematical 
Weighed specimens of about 0-8 sq. in. area were methods, and then make corrections by means of 
exposed horizontally in a cabinet for three weeks to an empirical constants arising from experience. A 
intermittent salt-water mist consisting of natural sea | similar problem, not quite so complex, arises in the case 
water taken from the English Channel, near Rye. A of transverse and other vibrations of engine framing. 
dense mist was produced for 20 minutes twice a day, In actual fact, in a marine installation, the vibration of 
and slowly dispersed by slight ventilation in the the engine, other than the torsional vibration of the 
cabinet. At the end of the trial any salt incrustation shafting, is only one of the many modes of vibration of 
was washed off in water. The corrosion product was the ship’s structure as a whole, as the engine forms in 
removed by boiling for two minutes in 10 per cent. | fact an essential part of that structure. 
pure chromic acid without attacking the basis metal. It is seldom possible to calculate the principal 
The loss in weight was determined and the specimen natural frequencies of a ship’s hull in the early stages 
was examined superficially. From the results obtained | of design, and it, is advantageous to make purely 
it can be said that small amounts of antimony appeared empirical approximate calculations, based on previous 
to improve the corrosion-resistance of the forged experience, which will indicate in the early stage of 
material, but produced the opposite effect with cast design whether any serious criticals are likely to arise. 
material. Larger amounts (over 2 per cent.) reduced The results can be confirmed later by more accurate 
the corrosion-resistance of the material in either condi- | calculations. In the case of the main structure of a 
tion. The Elektron alloys AM 503 (2 per cent. man- | ship, for example, the natural frequency of transverse 
ganese) and AZ 91 (to Specification D.T.D. 281, : é : ’ D 
solution-treated) were much more resistant to corrosion | Vibration for any particular design varies as cL’ 
gag of the forged or cast antimony-magnesium D being the vertical depth for vertical vibration or the 
”" ieeeieiiines beam for horizontal vibration. From recorded results 
= , th me iin. Onan on various types of ship, constants can be introduced 
drawn from this Work are a: we © alloys are 50 that the natural frequency for vertical vibration, 
readily melted and can be easily cast. The solid , D 
solubility of antimony in magnesium is very small, | for example, can be expressed as = y i 


being less than 0-1 per cent. at temperatures up to ad 
500 deg. C. and less than 0-2 per cent. at 550 deg. C. | &° the constant can be made for the loaded-ship con- 


The alloys are not capable of age-hardening. The dition, and the various values for the constant can be 
1ddition of antimony to magnesium causes no increase determined for different types of vessel. Also, various 
in tenacity or ductility, either in the cast condition or constants must be taken for the various modes: of 
sfter heat-treatment, but there is an improvement in | Vibration. By working on these lines, it is possible 
the proof stress. The rate of decrease in the mechanical from already published information to obtain a series 
properties of cast bars with increasing antimony con- of constants which will give quickly a reasonably 
tent reaches a maximum with 0-5 per cent. to 1 per | 8ccurate estimate of the main modes of natural trans- 
cent., after which the decrease is not as serious. The | Verse vibration of a ship’s hull. A similar method 
mechanical properties are improved by annealing at | ©@" be adopted for approximate empirical estimation of 
450 deg. C. Ingots containing up to 4 per cent. the torsional frequency of a ship, but for this case little 
intimony can be readily hot rolled, yielding bars with information is available for determining the constants. 
. higher tenacity and proof stress than rolled mag-| Before discussing the various types of vibration 
nesium. Prolonged annealing at 350 deg. C. gives | likely to be met by marine engineers and shipbuilders, 
improved tensile properties. The ductility figures are, OM OF two examples might be given of common mis- 
however, low before and after annealing. Pure mag- | understandings which appear to have arisen, chiefly 
nesium is known to be weak mechanically and the | due to generalisation from published statements which, 
addition of antimony makes it, in general, appreciably | ™ fact, have only a particular application. 

weaker. The addition of antimony to magnesium does The term “node” is perhaps less understood than 


not confer any notable corrosion-resisting properties. | @"Y other used in connection with vibration. A 
, * node” is generally defined as a point at which there 


is no vibratory motion and at which the periodic 
forces are a maximum, and it seems to be generally 
thought that the node or nodes of any vibrating 

LICENCES FOR LUBRICATING-OLL WASHING MACHINERY. | system are certain fixed points in the system. Actually, 

Under the Machinery, Plant and Appliances (Control) | this is only true of the nodes of free vibration. As soon 
(No. 5) Order, 1941 (S.R. & O. 1941, No. 1610, price 1d.), | as vibration is set up by an applied force the frequency 
dated October 13, lubricating-oil washing machinery and | of which varies from a natural frequency of the systeni. 
plant has been added to the schedule of goods the supply then the nodes are at some other point or points in 
of which is subjeet to Board of Trade licence. Application 
forms for licences should be obtained from the Industrial | * Paper read at a meeting of the North-East Coast 
Supplies Department (Machinery Licences Division), | Institution of Engineers and Shipbuilders, at Newcastle- 
Board of Trade, 1-6, Tavistock-square, London, W.C.1. on-Tyne, on March 14, 1941. Abridged. 


The main conclusions which can be 
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the system, which bears no simple relationship to the 
position of the nodes of free vibration. 

Arising out of this misconception regarding the 
position of nodes, it has been frequently stated that a 
periodic force applied at a node cannot cause vibration. 
It must at once be obvious that, if the force is at the 
position of the natural free vibration node and of a 
different frequency from the free vibration, then, the 
forced node being at a different position from the free 
node, the periodic force can produce vibration. Even, 
however, if the periodic force is of the same frequency 
as the free vibration of the system it can, and in fact 
must, produce vibration, even if it is applied at the 
node. It is surely evident that, if a periodic force is 
applied at any point, it must cause or attempt to cause 
some movement at that point; and, if the point of 
application is connected elastically to other masses 
forces must be set up in the connections which will 
cause these masses to vibrate. What occurs in fact 
is that, if a force is applied at the position of the node 
the remainder of the system takes up a vibration such 
as to cause balancing loads at the position of application 
of the force ; so that, while there is no motion at the 
point at which the force is applied, the remainder of 
the system is in vibration. This is not a critical 
vibration in the normally accepted sense of the term, 
but a vibration of considerable amplitude may be set 
up in this manner. 

Another commonly misunderstood and misused 
expression is the so-called “ dynamic magnifier.” The 
curve for the dynamic magnifier is well known; on a 
base of the ratio between the applied and natural fre- 
quency, it rises from a figure of unity when the applied 
frequency is zero, to o when the applied frequency 
equals the natural frequency; and drops away after 
that, falling below unity at frequency ratios higher 
than 4/2. In only one book on vibration have I 
found the real meaning of the dynamic magnifier 
explained, and in that the explanation is very in- 
adequate and difficult to follow. The curve, as gener- 
ally known, can apply only to the simple system in 
which there is a single mass elastically connected to 
another mass of infinite magnitude. 

In the paper read by Mr. A. T. Thorne and the 
present author before this Institution in 1922,* the 
base for the ‘“‘ dynamic magnifier ’’ curve or, as it was 
then called, ** resonance factor,” was altered to “* fre- 
quency of vibrating force’’ divided by the “ free 
frequency of vibration of the forced end about the 
position of the node” (that is, the actual node of 
forced vibration, not the natural node). While this 
gave truer representation than the usual curve, it was 
still inadequate and not correct. For example, to take 
the simplest possible system, namely, two equal masses 
connected by a light shaft and with a force applied at 
one end: if the dynamic magnifier is considered to 
refer to a stress, then the stress at zero value of the 
frequency ratio is 0-5, and it follows at half of the 
value of the usual curve throughout. If the dynamic 
magnifier is applied to actual motion instead of to 
stress, then, at a frequency ratio of zero, the movement 
is co. This drops quickly to a figure of 1 and rises 
again to oo at a frequency ratio of 1. Actually, for 
each system and for each part of a vibrating system, 
the dynamic-magnifier curve is different, depending 
upon the position of the forces and the distribution of 
the masses and elasticity. It is therefore essential for 
any speed (other than a synchronous speed), at which 
considerable stresses may arise, to calculate in detail 
the actual stresses instead of basing them on the 
dynamic magnifier. 

Engine balancing is another question which is often 
not clearly understood, it being very commonly con- 
sidered that, if an engine is perfectly balanced by 
normal means of balancing, it cannot cause vibration 
in structures on which it might be mounted. This 
would only be true if the engine had infinite rigidity, 
but, in fact, even the most rigid structure has a con- 
siderable amount of flexibility. The academically 
correct way of treating vibration caused by an engine 
mounted in a ship’s hull would be to treat the engine 
framing as part of the ship’s structure and to consider 
each of the separate cylinders, together with whatever 
balance weights were used, as acting individually ; 
and then to make a summation of the vibration arising 
from each unbalanced part in order to arrive at the 
total vibration which will arise. In actual practice, 
of course, such calculation would be impracticable and, 
in general, it is unnecessary, provided that the engine 
framing, together with the seatings on which it is 
mounted, are of such rigidity as to approximate 
reasonably to the infinite rigidity assumed in the 
balancing of the engine. This is a point which should 
always be kept in mind, and it should be understood 





* “Notes on Torsional Oscillations, with Special 
Reference to Marine Reduction Gearing,’”” by A. T. 
Thorne, B.Sc., and J. Calderwood, M.Sc. Trans. N.E.C.I., 
vol. 39, page 143 (1922), and ENGINEERING, vol. 114, 
page 815 (1922). 





340 


that there is no need to have a theoretical balancing 
of the engine so exact that the forces and couples 
remaining will cause less vibration than will arise from 
the fact that the engine framing, however stiff, has a 
certain amount of flexibility, thus allowing the distri- 
bution of fhe various balanced masses to set up 
vibration in the ship's hull. 

In general, very few cases of hull vibration are due 
to unbalanced forces or couples in the engine; more 
are due to lack of rigidity in the engine framing or 
seatings; the majority are due to the impetus set up 
by the propeller blades passing the hull. Quite apart 
from the balancing of the engine, the irregular torque 
may set up general hull vibration or localised vibration 
of the engine frame or seating. 

As already mentioned, the hull of the ship may 
vibrate in a very wide number of different modes, 
some of these taking the form only of localised vibra 
tion, the amplitude of the other parts of the structure 
being negligible, and others being general hull vibration. 
It is quite impossible to deal with the former by cal- 
culation, and the only treatment is to cure local vibra- 
tion after it is found to exist, either by stiffening or 
reducing the stiffness of the part affected. 

The general hull vibration is usually considered under 
three headings, namely, vertical, horizontal and 
torsional. The bulk of information available relates 
to vertical vibration, which is undoubtedly the most 
common form experienced in practice. The author 
has, however, observed severe cases of horizontal and 
of torsional vibration of hulls. As these are not more 
difficult to investigate than is vertical vibration, it is 
well worth giving them consideration. In actual fact, 
it is not strictly correct to consider the transverse 
types of hull vibration as being divisible into vertical 
and horizontal vibration, as it is obviously possible for 
a ship’s hull to vibrate at any angle between the 
vertical and horizontal, and it is equally evident that 
machinery or propeller may set up forces which will 
cause vibration at other angles than vertical or hori- 
zontal. No cases of such vibration appear to have 
been reported in publications relating to this subject. 
It is well, however, to keep this possibility in mind, 
and it is evident that the frequency of natural vibra- 
tions in any direction will fall, according to the angle, 
somewhere between the horizontal and - vertical fre- 
quencies with the same number of nodes; so that, if 
these ranges of frequency between the pairs of hori- 
zontal and vertical frequency are kept free from 
synchronism with any probable periodic forces, freedom 
from any of these other types of vibration may be 
assured. 

Gear drive is a possible link in the building up of 
vibration of a ship’s hull, particularly a torsional vibra- 
tion. This is a point which is frequently overlooked, 
but it must be remembered that any irregularity of the 
torque, whether arising from the engine or the pro- 
peller, will be transmitted through the gears and set 
up a couple across the width of the ship. According 
to the amount of force involved, this will cause a large 
or small periodic torque on the hull. Even com- 
paratively small torque variations from the propeller 
can cause considerable vibration in this manner if they 
approach synchronism with the torsional frequency of 
the hull. In general, ship vibrations are chiefly 
important because they are objectionable to passengers 
and crew, and it is only in rare cases that they reach 
such magnitude as to be liable to cause serious structural 
damage. In view of this, it is rather surprising that 
more attention has not been paid to the_ relation 
between amplitude and frequency that is objectionable 
to human beings. It is known that the higher the 
frequency the smaller the amplitude at which the 
vibration becomes objectionable, and that amplitudes 
of several inches at very low frequencies are hardly 
noticeable, while amplitudes of a very few thousandths 


of aninch are extremely objectionable at frequencies | 


of 50 to 60 cycles per second. 

The subject is one which certainly needs further 
investigation. Machinery which involves periodic 
forces, even of small magnitude, at high frequency, is 
more likely to cause objectionable vibration than slow- 
speed machinery, even when the latter gives rise to 
comparatively large periodic forces. With the low 
frequencies also, it is easier to avoid synchronous speed, 
due to the wider spacing of the natural frequencies of 
the hull. For example, a ship in which the two-node 
natural frequency is about 1-35 per second will have a 
three-node natural frequency about 3-7 per second, 
leaving a wide gap for the choice of machinery speed if 
the forces from the machinery are of that order of 
frequency. The same ship may have a four-node 
frequency of about 6-3 per second and a five-node 
frequency of about 8-8 per second, the gaps between 
the natural frequencies as a percentage of speed becom- 
ing progressively less, so that, when we reach fre- 
quencies of the order of 50 cycles per second, the natural 
frequencies of the hull are so closely spaced that it is 
practically impossible to eliminate vibration. 


(To be continued.) 
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MOTOR VEHICLES 


534,292. Auxiliary Gearbox. John I. Thornycroft and 
Company, Limited, of Westminster, and C. E. Burton, of 
Westminster. (5 Figs.) October 6, 1939.—The auxiliary 
gearbox is designed for motor vehicles in which the 
drive can be distributed to two driving shafts, so that, 
on one gear ratio, only one of the shafts is driven, while 
on the other gear ratio the drive is transmitted also to 
the second shaft. The invention overcomes the diffi- 
culties usually experienced in engaging the drive with 
the two shafts simultaneously. The gearbox illustrated 


is applied to a lorry having provision for a drive at one | 


ratio to the rear wheels only, and at a lower ratio to the 
rear wheels and also to the front wheels. The driving 
shafts 1, 2, coupled respectively to the front and rear 
wheels, are separate, but enter the auxiliary gearbox 
coaxially from opposite ends. The shaft 2 coupled to 
the rear wheels is sufficiently long to carry a sliding gear 
unit keyed to it and consisting of two gears 4a, 4b, of 
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different diameters, the larger gear 4a being adjacent the 
end of the shaft 1. On the face of the larger gear, dogs 4c 
are provided to engage corresponding dogs la on the 
end of the shaft 1. The gears 4a, 4d of the sliding gear 
unit alternately engage gears on a layshaft 5 driven 
from a shaft 6 from the main gearbox. In one position 
the driye is transmitted to the rear wheels only at the 
higher speed ratio. On sliding the unit through neutral 
to second position, the other gear 4a of the unit engages 
the corresponding layshaft gear and the drive is then 
transmitted to the rear wheels only at the lower speed 
ratio. On further movement of the unit in the same 
direction to a third position, the dogs 4c, la are engaged, 
so that the drive is also transmitted to the front wheels, 
the layshaft gears being of sufficient width to permit 
this further sliding movement of the unit without dis- 
engagement. (Accepted March 4, 1941.) 


SHIPS AND NAUTICAL APPLIANCES. 


535,122. Stern Frame and Rudder. J. Manson Ramsay 
and Son, Limited, of Prestwick, and J. M. Ramsay, 
of Prestwick. (8 Figs.) December 4, 1939.—The stern 
frame and rudder assembly is of the type having a 
backpost carrying a rudder and detachably coupled to 
the stern frame. The stern frame counter 2 is provided 
with a rudder trunk 3. A backpost 5, detachable from 
the frame, is mounted between the upper and lower 
limbs and carries a balanced streamlined hollow rudder. 
The upper end of the backpost projects up into the 
trunk 3 and is provided with an integral vertical coupling 
flange 7, bolted to a registering flange 9 of a brackét 
integral with the frame 1 and extending up within the 
trunk. The abutting faces of the flanges 7, 9 lie in a 
vertical athwart plane of the ship. The lower end of 
the backpost 5 has an integral flange 11 bolted to a 
seat 13 on the lower limb of the frame 1. The rudder 
is coupled to a rudder-operating stock by means of a 
hollow coupling sleeve 15, the lower end of which sur- 


sleeve terminates in a flange, which is bolted to the rudder 


This end of the | 


IQ4T, 


forward and aft of the axis of the rudder. The flange 7 
of the backpost projects into the trunk through an 
opening in the forward wall of the coupling sieeve Ls. 
The coupling 7, 9 is accessible through manholes 20 


24, 


Oct. 
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2) in the bracket and fitted with watertight 
removable covers. To facilitate shipment and unship- 
ment of the rudder a removable distance piece 
posed between the flange 11 and the seat 13. 


March 28, 1941.) 
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MISCELLANEOUS. 


535,422. Producer-Gas Washer. The AC-Sphinx 
Sparking Plug Company, Limited, of Dunstable, H. E. 
Biraben, of Harpenden, R. V. Paulley, of Luton, and 
D. B. Browne, of Harpenden. (1 Fig.) October 3, 1939.— 
The object of the invention is to provide a washer for 
producer gas so as to make it usable in an internal- 
combustion engine. The cleaner units are held in a 
two-part cylindrical container a, 6. The joint between 
the two parts is sealed and they are held together by a 
supporting bar, which is retained by a wing nut f. When 
the nut is unscrewed, the bar can be dropped and the 
lower part of the container removed. Inside this lower 

| part is a wet scrubber and between its outer wall and 
the inner surface of the container is an annular space 
down which the incoming gases pass from a tangential 
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inlet port A. The scrubber is formed by coke between 
upper and lower perforated sheets and the unit is partly 
filled with water. The gases pass down into the water, 
up through the scrubber, and then out into the air- 
expansion chamber j. The water is supplied through 4 
central pipe *k, which dips into a central, perforated 
sump in the top of the cleaner unit and acts as a support 
for it. The second cleaner unit is mounted above the 
air-expansion chamber j and consists of an oil bath 
cleaner held in position by a wing nut o threaded on 
the pipe k. This cleaner unit is arranged so that the 
gas impinges on the oil and then passes up through a 
bed of wire mesh r, which is thus kept wet. Oil drains 
back to the sump and the particles of dust sink to the 
bottom. After passing through the wet mesh, the gases 
pass to the tangential outlet pipe q, and thence to the 
engine. (Accepted April 9, 1941.) 








